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OVER 1000 AUTHORIZED ADVANCE In Hickory, North Carolina, and in hundreds of 
other cities in the U.S.A., there is an Authorized 


SERVICE-STOCKING DISTRIBUTORS Service-Stocking Distributor to supply ADVANCE 

DISPLAY THIS PLAQUE fluorescent lamp ballasts for immediate replacement. 
Now it is easier than ever to get immediate replace- 
ment service for any make fluorescent lamp ballast 
whenever replacement is necessary. Over 1000 
ADVANCE Service-Stocking Distributors through- 
out the United States have been authorized to dis- 
play the sign at the left. They carry a complete stock 
of all ADVANCE ballasts, individually packaged. 
For immediate service take the inoperative ballast, 
regardless of make, to any authorized ADVANCE 
distributor. He will consult his ADVANCE Cross- 
Reference Guide for the correct replacement ballast 
and supply it off the shelf from his stock. Remember, 
look for this sign. It’s your guarantee of immediate 
replacement service with quality ADVANCE Bal- 
lasts. Write for your copy of the ADVANCE 
Service-Stocking Distributor list today! 
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MONOTUBE POLES 
FOR AIR FORCE ACADEMY 


ROADWAY /eading trom the N 


Installations 
throughout the country 
prove Monotubes offer 
the utmost in styling, 
strength and service. 


UNION METAL 


The Union Metal Manufacturing Co. 
Canton 5, Ohio - Brampton, Ontario 





Monotube Engineered Lighting Poles 
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ATHLETIC FIELDS use 60’ and 100’ steel poles 
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Keystone’s Engineered Lighting Division recently announced a new series of fluorescent fixtures specially 
designed for schools, offices, stores, institutions and public buildings. Featured in this 4-foot and 8-foot 
series is the Achromatic, a 2 > or > 3 lamp quality luminaire which has become 
the industry’s leader in a few short weeks. 


Since 1898, footcandle levels have doubled every 10 years. Due to a more scientific evaluation of 
required lighting levels, the new series developed by Keystone has resulted in luminaires that provide 
“Optimum Visual Value and ‘see-ability.’ The series offers a brand new concept in controlled 

refraction of light. This concept provides uniformity of brightness without harsh shadow reflection. 
Maximum illumination is delivered at peak efficiencies. In addition to the Achromatic, other fluorescent 
fixtures in the new series include the Wafer, Prismalite and Envoy. Rapid start and slimline 

models are available for a number of versatile mounting arrangements. For additional information, send 
for Bulletin #F 859. 


EEE STOWE BLBCTTRIC MEG. CO. PHILADELPHIA 34, PA. SINCE 1932 


ILLUMINATING ENGINEERING 





January 


1960 


Vol. LV, No. | 


In Two Sections 
Section | 


1959-1960 Officers 
President 


Joseph B. Browder 

Vice-President 

Richard G. Slauer 

Vice-President 

James R. Chambers 

General Secretary 

G. Franklin Dean 

Treasurer 

W. P. Lowell, Jr 
* 

Editor 

Ruby Redford 


Advertising Manager 
Clayton E. Ellis 


Assistants 
Barbara E. Marwell, Editorial 
Adelaide Philiba, Advertising 


Publications Committee 


R. M. Zabel, Chairman 

R. W. Morris, Vice-Chairman 
Charles L. Amick 

Brooks Chassaing 

G. W. Clark 

Floyd W. Sell 

Nelson Warner 


Managing Director 
A. D. Hinckley 


Technical Director 


C. L. Crouch 


ILLUMINATING 
Published monthly in the lt 


special postage tes provide 
extra postage t 
headquarters by t th 


ENGINEERING 
nited States 
d tor 


« 


I} 


in Se 
which 


month t 


Contents 


American Legion Post No. 5 
Lighting A Church 
Hotel Room of Tomorrow 


IES Lighting Data Sheet—Series XXIV 
Lighting an Automobile Shcwroom (12-116) 


Emphasis on Esthetics 
b 


Electroluminescence at Work 


Problems and Progress in Electroluminescent Lamps—Henry F 


lvey 


Phosphors for Electroluminescent Lamps—Lester W. Strock 


Electroluminescent Sources in Automotive Instrument Lighting— 


J. M. Harris and P. J. Blinkilde 


IES Lighting Data Sheet—Series XXIV 
Lighting a City Street (26-34) 


Significant Advances in the Design of Non-Circular Cross-Section Fluorescent Lamps— 


J. O. Aicher and E. Lemmers 


IES Lighting Data Sheet—Series XXIV 
Lighting a Bakery Shop (12-117) 


47 


External Control of Mercury Pressure of Fluorescent Lamps 


and its Application to Luminaires—P. J. Underwood and C. E. Beck 


Sé i1ES Lighting Data Sheet—Series XXIV 


Lighting for Court Tennis (20-34) 
5A 
25A 
37A 


Lighting News 

1ES Publications 
Index to Advertisers 
Sustaining Members—F 


Committee Personnel—Re 


STATEMENTS and opinions in articles and papers in ILLUMINATING ENGINEERING are the 

expressions of contributors and do not necessarily represent the policies or opinions of the Society. 

Official Society opinions are expressed only in official committee reports specifically approved by 
the Council of the Illuminating Engineering Society. 


ILLUMINATING ENGINEERING SOCIETY 


yz 
wy) 
Ve 
US 


EDITORIAL and advertising offices 
1860 Broadway, New York 23, N. Y. 


Founded 


e journa { the I rating Engineering Society 


of America 


488 matter at the 


1917 


Entered s second-<« 


P.L.&R 


wlage 


ction t of October 


second-class p« do not pply; single copies 


be effective with tl of the next succeeding month 


1906 


Copyright 1960 by the 
Post Office 
Authorized July 
$1.50 


PUBLICATION office 32d Street & 
Elm Avenue, Baltimore 11, Md. 


Illuminating Engineering Society 
Md Acceptance for 


Subscription $18 pet 


Baltimore 
16 


" Address changes must be received 


mailing a 
i918. ¢ vear plus 


at T.E.S 








Here’s a Shining Example of 


Functional Lighting without Glare — 
by LITECONTROL 


pl. room devoted to trays, trop s ‘ 
iV on evote ray r phic INSTALLATION: L. G. Balfour Company, Attleboro, Moss 


| i v no iten r . > AREA SHOWN: Showroom 
jewelry an g ing items, re esents some sf ecial } roblems ARCHITECT: Charles G. Everet?, Powtucket, R. | 
de flecrion ' wt of h j les , Ned | > ELECTRICAL CONTRACTOR: A. C. Burt, Attleboro, Massachusetts 
Reflection c han inless controlle The task can be a DISTRIBUTOR: Groybor Electric Co., inc., Providence, R. | 
halleng ' th rchir , , cto 1 lio . min FINISHES. Ceiling — Off- White. Trophy Cases — Mahogony 
challe nge i contr or and lighting equipment CENING: Litecontrol Luminous Lens-Ceiling, using Holophone +6024 
mat facturer ocrylic lenses; 40 watt Rapid Stort strip fixtures on 24” centers 
anufactu INTENSITY: Average, 75 footcandles in service 


For the new pl ym of the L. G. Balfour Company, illustrated 
Litecontrol’s lur s lens ceiling was a happy choice. The merchan a () Cae — 
ght of the precise intensity required. There 
to distract or strain the eyes. The removable LITECONTROIL 


lenses lift out quickly for easy servicing of the fixture 
al 
This eau ipment is one of Litecontrol's most popular systems. You'll CHEM 2CE 


find it and other standard, cost-saving units right in your catalog for KEEP UPKEEP DOWN 
your next store, office, bank, school or other commercial installation. LITECONTROL CORPORATION, 


36 Pleasant Street, Watertown 72, Massachusetts 


OF FLUORESCENT LIGHTING EQUIPMENT DOISTRIBUTEOD ONLY THROUGH ACCREDITED WHOLESALERS 
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Silvered-bowl lamps, installed on four-foot 
five-inch centers in 30-inch plenum over 
aluminum honeycomb louvers produce 
even brightness distribution at reasonable 
cost. Dark areas on ceiling are spots of 
color—three 75-watt red, green and blue 
incandescent lamps, installed in enclosed 
metal boxes for esthetic interest on ceil- 
ing. Separate dimmer controls for colored 
and silvered-bow!l lamps permit many 
varied atmospheres. Bare 500-watt lamps 
seen in photo below are remains of club- 


room's old lighting, five indirect fixtures. 


American Legion 


Post No. 5 


A is A well-known and often proved maxim that the 
flexibility of an area is directly related to its lighting design 
Recent reports of a multi-purpose ballroom (November LE, page 
671) and hotel roof garden (December IE, page 749) attest to 
the fact that here is a fertile area for imaginative illuminating 
engineering. One more case in point is the relighting of the 
}5900-square foot headquarters of American Legion Post No. 5 
: mm: in Pittsburgh, Pa 

: mil] Rapid growth in membership and prestige of Post No. 5 soon 
; obsoleted the group’s headquarters and remodeling was in order 
Structural changes to meet various building codes involved a 
new concrete floor, stage relocation, new rest room and kitchen 
NATIONAL ENTRY facilities. Even with $75,000 invested for these items, however, 
Class II there was little apparent change in the appearance of the elub- 
room. Other improvements, even at additional cost, were decided 
upon, to make the Post the most practical, versatile and attrac- 
tive American Legion headquarters in the area. An additional 
appropriation was voted—for replacement of the Post’s lighting 

system of five 500-watt indirect fixtures 
For esthetic reasons, best lighting solution for the area was a 
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luminous ceiling to cover the mass of air diffusers, 
tile on the old 


ror louver material were numerous 


beams and ceiling. Requirements 


light in weight 


could be supported by the original structure 


SO if 


above; easily maintained; sound absorbing; allow 


passage of conditioned air to space below; and, 


most important, low in brightness and high in light 
Material chosen to satisfy these con 


transmission 


ditions was an aluminum honeycomb louver of 
one-quarter-in¢ h hexagonal cells, providing 15 by 
$5-degree shielding 

Since the eclubroom is used primarily for dances, 
dinners, meetings and other activities requiring no 
the 


footeandles 


level of 
produce 


seeing, 30 was chosen as 


ritical 


maximum practical design illumination 


Fluorescent lamps, spaced to uniform 
ceiling would have increased th 
the 


involved in 


brightness on the 


lighting beyond established design 


level. Also 


dimmers and 


intensity 


the expense the special 


ballasts required for such a large 
nt equipment was beyond th 


the Post 


quantity of fluoresce 
uidgetary limitations of 

Incandescent lamps with standard dimming 
equipment would have provided the desired variabl 
llumination system at reasonable cost. However, 
the close spacing necessary for uniformity with in 
candescent sources meant heat and wiring problems 

Light the 
silvered bow] 


The 


haracteristice of this source, which directs its light 


finally chosen for luminous 


100-watt 


sources 


eiling system was lamps 


installed on four-foot five-inch centers indirect 
output to the freshly painted white ceiling above 


produced the 


spacing 


desired uniform brightness on wid 


Decorative interest was added to the ceiling wit! 


the installation of a number of two-foot squars 


nelosed metal 


blu } 


75-watt 


These 


boxes each housing ereen 


ed and icandescent lamps boxes 


installed in a random pattern, rest on the ceiling 
grids the diffusers, 
clearly-defined areas of color in the ceiling. Sepa- 


over aluminum resulting in 
rate dimming controls for the silvered-bowl lamps 
and each of the colored incandescent lamps permit 
au wide range of interesting lighting patterns, dem 
onstrating the effectiveness of light used as a 
dynamic medium. 

Vertical illumination for the walls under the air 
ducts is provided by deep recessed adjustable 
colored floodlamps. These are spaced and positioned 
to produce a decorative color wash on the walls 
These floodlamps are also on separate dimmer con 
trol, carrying out the plan for complete versatility 


of all lighting elements 


Stage Lighting 

Post No 
a permanent platform with a 15-foot deep electric 
**roll 
This permits flexible stage arrangements 


Stage in 5’s headquarters consists of 


ally-operated out’’ platform concealed be 


neath 
for the varied entertainment—concerts, lectures, 
speeches or variety acts. 

Lighting for any stage position is possible with 
three rows of 150-watt red, blue and white projector 
installed in con 


adjustable housings, 


Two rows of these lamps, mounted 


lamps, i 
cealed positions 
over the luminous ceiling and shielded by a contin 
uous row of honeycomb louver panels, tilted to a 
30-degree angle, are for frontal spot lighting. Con 
cealed behind the proscenium arch of the permanent 
platform, a third row of projector lamps lights 
the curved back wall of the stage. 

Armand G. Zitelli, Duquesne Light Co., Pitts- 
burgh, Pa., won first prize in the East Central 
Regional Contest for My Most Interesting Lighting 


Job with this installation 





1960 Conference Paper Outlines— Due by January 30 


submission of outlines for proposed papers for the 1960 National 


in Pittsburgh has bee 


Floy d W 
Detroit Edison Company 
Avenu 


Michigan 


2000 Seeond 


Detroit 26 


Sell, Chairman 


set at January 30, 1960. Outlines should 


IES Papers Committee 








eqgion Post No 
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Lighting a 


Church 


When architect Arne J. Kontturi of Ashtabula, 
Ohio, was commissioned to design the Zion Lu- 
theran Church in Ashtabula, he developed plans for 
a striking modern structure, the sanctuary of which 
is shown above. The interior lighting layout, how- 
ever, posed a challenging design problem. 

Traditional hanging fixtures, suitable for more 
conventional structures, had two disadvantages for 
this interior: (a) with a ceiling pitched at 53 de 
grees, surface reflections would fail to provide the 
quality of lighting desired; (b) hanging fixtures 
would, in the architect’s opinion, divert the congre 
gation’s attention from the altar, which of course 
must be the primary focal point of the church. Ex 
perimentation with scale models eliminated conven 
tional coves (hot spots, little or no reflection from 
the high-pitched ceiling 

John Carroll, Ashtabula electrical engineer, was 
called in and, working together, the two men came 


up with: two 56-foot-long coves of reflected lighting 
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using a 3-foot slot in the face of the cove; a white 
matte background; low brightness 100-watt lamps 
to minimize bright spots; plastic diffusers, and egg- 
erate panels. Resulting illumination from this de- 
sign is 12 to 15 footeandles at pew level. Controls 
include a specially-designed dimmher which can be 
operated from the pulpit or from the rear of the 
sanctuary, providing flexibiilty to lighting effects 
At the same 
time, it results in economical operation, dropping 


for different phases of the service. 


wattage in proportion to lighting level. This is im- 
portant, as the cove lighting alone operates on a 
12-kw demand. 

The attention of the congregation is commanded 
to the altar by the dramatic effect of an imposing 
36-foot brick cross, spotlighted and silhouetted 
against a striking white background. Conventional 
cove lighting in the entrance is also eye catching. 

Lighting data was submitted by The Cleveland 
Electric Illuminating Co 


Figure 2. Cove detail of the Zion 
Lutheran Church in Ashtabula, Ohio. 
Seale: 3 Vv’. 
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Hotel Room 


of Tomorrow 


A ANT-GARDE in hotel-motel room design 


entagonal shaped guest room, designed by 
. AID, IDI 
the National Ilotel Exposition 


slightly 


and exhibited as the ‘‘Room 

rrow at 

ened five-sided shape of the area 

hotel or motel room), with 

ry, wedge-shaped bathroon 

tes a feeling of spaciousness, in 

mtrast to the cramped feeling produced by too 

many corne nd doors and the abundance of fur 
today s hotel rooms 

ruest room is made of five 

‘walnut’’ storage units, hous 

*s, desk surface, TV set, ever 

Beds were designed to 

the day and swivel out into 

ofa’s padded armrest becomes 


nea lboard 


Except tor cotton draperies 


irnishings in the room are of 


anc be dspres a 
lor ease of maintenance 
advanced design of the room 


A multi-light wall bracket 





Spaciousness, convenience and ease of maintenance 
through unusual room shape, multi-purpose, built- 
in furnishings and extensive use of man-made 
materials are keynotes to interior designer Tom 
Lee’s 1960 “Room of Tomorrow.” 
terrace (above) shows uncluttered look achieved 


View from 


by pentagonal room shape unbroken by bathroom 
and closet enclosures. A cabinet between sofa-beds 
contains built-in telephone, remote controls for 
radio and television sets. Mirror behind floor lamp 
conceals built-in iron and ironing board. In photo 
at left, note one entire wall of storage cabinets 
containing desk, dresser, television set and, not 


visible, bar and wardrobe. 


which provides general illumination over sof 

is the only wall decoration used by Mr. Lee. A 
placed portable supplies bed-side reading light 
recessed fixtures over the edge of the storage wall 
direct light on this area and two decorative wall 
lamps are mounted inside the storage area for desk 
and mirror illumination. 

In the bathroom, which has separate toilet and 
dressing areas, a recessed concave dome fixture is 
used for general illumination. Strip lights with 
(} 16h. 


painted white on the lamp-side and green on the 


lamps mounted in perforated metal cups, 


underside, give comfortable mirror lighting for 
shaving and grooming. 

The terrace of the ‘‘Room of Tomorrow’’ is a 
miniature lighted garden with a plastic bubble 
lantern and tripod planter-lamp. The tripod lamp 
with metal mushroom-shaped shades of blue, white 
and yellow adds a note of decorative charm. 

For maximum flexibility of purpose and mood, in 
a room which must serve the many needs of the 


traveler, all lighting is on dimmer control 
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|.E.S. LIGHTING DATA SHEET 
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INSTALLATION AT REEDMAN MOTORS, INC., LANGHORNE, PA. 


Lighting an Automobile Showroom 


LIGHTING OBJECTIVE: To provide an attractive environment and a high level of general illumina- 


tion for merchandising new automobiles 


GENERAL INFORMATION: This showroom measures approximately 59 feet by 
height is 10 feet 6 inches. Colors and reflectances of the major room surfaces are 


ceiling 7 
walls wi ling 16% RF 


floor ight gray 5 RF 


INSTALLATION: Fifty-five Pittsburgh Refleeto: Co. catalog No. SS-84840 DAC surface-mounted 
fluorescent units (each equipped with eight 40-watt T-12 cool white rapid start lamps), forty- 
seven Pittsburgh catalog No. E-500-8 recessed symmetric reflector units with concentric ring 


louvers (each equipped with a 500-watt PS-40 incandescent lamp) and forty Pittsburgh catalog 


{ie ‘ON ona ‘V'l'V 





Lighting an Automobile Showroom (Continued) 


No. DLC-101-8 recessed adjustable downlights with concentric ring louvers (each equipped with 
a 200-watt PS-30 incandescent lamp), arranged as shown in Fig. 2, provide both general and 
supplementary lighting 

After 400 burning hours the average level of illumination in the center of the bays was 220 


footeandles. Brightnesses at that time were 


900 fi 


1600 fI 


Lighting designed by Arthur V. Schafer, Philadelphia Electric Co., Philadelphia, Pa. 
Electrical contractor, Gerhart Keller, Penndel, Pa. 


Lighting data submitted by Arthur V. Schafer and George T. Anderson, Jr., Philadelphia 
Electric Co., Philadelphia, Pa., as an illustration of good lighting practice and 
to aid in the design of similar installations. 


Published by the Committee on Publications of the Illuminating Engineering Society, 
1860 Broadway, New York 23, N. Y. 
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Emphasis 


on. 


Esthetics 


a... ATION research might be responsi 


ble for the new look that has become prominent in 
banks in recent years. The conservatism of archi- 
tecture and decor, long associated with financial 
institutions, has been replaced by modern, some- 
times daring architecture and interior design, cre 
ating a new image of the bank in the public mind 

The esthetic awakening has not been limited to 
architecture, however. As important as the archi 
tectural revolution is an increasing awareness of 
lighting as an esthetic component, as integral a 
part of the design as it is a functional element. Ex 
amples of design consciousness are becoming in 
creasingly frequent—instance at hand—new build 
ing of the First National Bank of Denver 

A 28-story building in downtown Denver, largest 
office building in the Rocky Mountain West, is the 
new home of First National Bank of Denver. The 
building rises 437 feet from street level to the 
stainless steel pylon atop the tower First four 
floors and basement level are occupied by the Bank; 
the remainder of the building is office rental space 
An adjoining 6'%-level, 500-car parking garage 
houses a four-lane, eight-teller window Auto-Bank 
facility. Main banking quarters consist of a two 
story area—spacious central lobby and wide perim- 
eter area, housing teller stations and officers’ plat- 
form on the main floor and, on the mezzanine, other 
office areas. 


At the main entrance to the building, a 50-foot- 
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candle level of illumination is obtained from 200- 
watt annular type fixtures, with gold finished re 
flectors, recessed in the upper portion of the ceiling 
Featured in the lower ceiling areas of the elevator 
lobbies, on each side of the building’s main en 
trance, is a specially designed bronze finished lumi- 
nous ceiling. This bronze ceiling, which serves as a 
decorative link between building lobby and bank 
quarters, extends through to the main banking area 
where, installed under the mezzanine, it is the illu- 
mination system for teller areas and the officers’ 
platform. 

Louver panels for the ceiling are composed of 
114-inch diameter aluminum cylindrical cells, hav- 
ing depths of one inch and 1% inches. The panels 


> 


are in 371%-inch sections, 


quilateral triangular 
supported by invisible suspension members, from 
each corner, forming one homogeneous luminous 
element. Four-foot rapid-start cool white fluores 
eent lamps, mounted in continuous rows on ap- 
proximately 18-inch centers in the plenum, provide 
120 footeandles at the teller stations and on the 
officers’ platform. Curved acrylic plastic troughs 
are mounted beneath all lamps for diffusion 

In the spacious lobby area, separating teller 
stations and officers’ platform, bronze mesh-encased 
columns, lighted from behind by warm white ra, 
start fluorescent lamps, rise to the ceiling of the 
architectural emphasis on the 
General lighting in the lobby 


mezzanine for 
height of the area 
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View of lobby and part of main bank- 
ing area. Note specially designed 


bronze luminous ceiling installed under 
the mezzanine. General lighting in 
lobby is from 750-watt baffled down- 
lights, recessed in high ceiling. Col- 
umns are backlighted by warm white 


fluorescent lamps. 


On main floor officers’ platform, es- 
thetieally integrated bronze luminous 
ceiling provides a lighting level of 


approximately 120 footeandles. 


Trust and Estates Department, length 
of a city block, is lighted by recessed 
four-foot diameter, six-lamp flaores- 
cent fixtures with concave acrylic 


plastic domes. 
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Looking down on suspended stairway from mezzanine. 


Decorative “brandy snifter™ fixtures lend a soft accent 


of light to the modern interior. 


is by 750-watt baffled downlights, ree: 
high ceiling 

To some observers, one of the most beautiful 
architectural elements of the First National Bank 
is the suspended stairway leading from the main 
a 


oor to the mezzanine. Constructed 


Illumination level of about 95 foot- 
candles in work area outside safe de- 
posit vault is obtained from wall-to-wall 
luminous ceiling of corrugated acrylic 
plastic diffusers, 30 rows of rapid- 


start lamps. 
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terrazzo treads, walnut rails and bronze hangers, 
the staircase is suspended from the mezzanine eceil- 
ing, giving the impression of structural independ- 
ence from the building. 

Complementing the design of the stairway are 
suspended *‘ brandy snifter’’ lighting fixtures. Sup 
plementary stair lighting is provided from mez 
zanine and main floor luminous ceilings. 

Typical of the spacious semi-open office areas on 
the upper floors of the bank quarters is the Trust 
and Estates Department (see cut Here, the light 
ing is from recessed 48-inch six-lamp rapid-start 
fluorescent fixtures with coneave acrylic plastic dif 
fusers, providing low brightness illumination 
Functioning as an element of design, the concave 
acrylic plastic diffusers lend the effect of a higher 
ceiling area 

In a 10- by 50-foot work area outside the safe 
deposit vault, illumination is by a wall-to-wall lu- 
minous ceiling composed of corrugated white aerylic 
plastic diffusers, backlighted by 30 rows of rapid 
start lamps, complete with reflectors. Illumination 
level produced by this lighting system is approxi 
mately 95 footeandles, 

Supporting tees for the ceiling material are fab 
ricated from acrylic plastic and are aligned with 
the bronze vertical mullions surrounding the area, 
forming an integral part of the total design 

Fred Calvert, Swanson Rink & Associates, Den 
ver, Colo., was the lighting engineer responsible for 
this installation, which was entered in the Rocky 
Mountain Section’s 1959 MMILJ contest. Raymond 
Narry Ervin & Associates, Denver, were architects 
of the building ; bank interior design was by Pereira 


& Lucekman, Los Angeles, Calif 
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“Although not ready for general room illumination, electroluminescence is now by 
no means a laboratory novelty.” So says the closing sentence of Dr. Henry F. Ivey's 
IES Conference paper ‘see page 13). A practical new light source will no doubt be 
developed in due time, opening up totally new possibilities for luminous interiors. 
Further research continues in several laboratories. Some of these are outlined by 
Dr. Ivey's paper, and by Dr. Strock’s studies detailed on page 24). Meanwhile, the 
low lumen output so far available from electroluminescent lamps is already useful in 
numerous applications. The paper by J. M. Harris and P. J. Blinkilde (page 32) 
describes the application of electroluminescence to automobile instrument panel 
lighting. A variety of other applications are shown on these pages. 


ELECTROLUMINESCENCE 


Present Status of Electroluminescence 


What is it? 


by 


i 


I roduced 


In eleetroluminescence, light is generated 


phosphors excited by an alternating electric field 


by an applied voltage 


form a ‘‘lamp’’ producing light from 
uminescence consists of crystalline phos 
sandwiched between two electrically 
es, at least one of which is trans 

mly on alernating current Its 

epends on the voltage and frequency of 
| applied across the dielectric phos 


Auto radio dial. 


tages in its application lie in its 
ve electricity directly to light 

of construction, its flexibility, as 

ts truly uniform brightness over th 


low temperature, among others 


irs to be affected very little by th 


ml range of indoor and outdoor ambient te mpera 


tures 


Electrolumineseent lamps, are unfavorably dis 


ed towar midit however 


trolumineseent panels has not been 


letermined, but it seems to be at least 5000 hours 


sts 


rilure 


indieated much longer life can be expected 


is 


gradual, rather than sudden ; 
Sylvania 


Electric blanket control. 
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Flip of a dial can bring changes in color and 
brightness to this coffee table. 


AT WORK 


Westinghouse 


Color obtained depends on the phosphors used. Lamps 
available so far have offered a very acceptable white, 
green, blue and yellows Red is difficult, especially at 


lower frequencies, except with filters. 


So far, its efficiency is considerably below conven 
tional sources—about 10 to 12 lumens-per-watt for 
green panels. Time may change all that. For white 
panels, efficiency is about half this. Actually one of 
its most promising aspects is an eventual efficiency 


which is higher than that of conventional sources. 


Sylvania 
Brightness (and/or light output) so far is low, espe 


Luminous house numbers give sufficient light for identi- 
cially on 60 eyeles. At present, on regular 120-volt, 


fication from the street. 

60-eyele circuits, brightness is about .6 to 1.5 footlam 
berts in green, the brightest color; half that in white 
and other colors. This is, of course, useful in many 
applications in darkened areas. Laboratory goals are 


for practical light output for all lighting purposes, 


By operating panels at higher vultage and higher 
frequency, greater brightness and light output.cati be 
obtained, but presently this is at still lower efficiency 
Again, however, the labs are optimistic. They feel 
close to an answer in phosphor development and more 


effective materials. 


Power requirements are extremely low. For example, 
a 4- by 4-inch panel on 120-volt, 60-evele source 


. . draws only 0.07 watt. 
Sylvania . 


Decorative night light. 


JANUARY 1960 Electroluminescence at Work 





Electroluminescent Applications . 


amkt g@buy7S riGhv 7)) 
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W estinghouss Westinghouse 

Display of luminous letters or numerals in various types This l4-segment lamp can display all letters of the 
of dials and indicators in readout equipment. alphabet, numerals 0 through 9, and symbols. 
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Indoor and outdoor thermometer. Illuminated switchplate. 


Plug-in night light. 
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Highway markings using electroluminescent sources are 
highly visible at night, as well as day. 


Westinghouse 
Experimental room having electroluminescent ceiling, 


wall, coffee table and lighted mural. 
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Problems and Progress 
In Electroluminescent Lamps 


Electrolumineseence is the generation of light 
in a solid material by the application of a voltage 
to the material, with the restriction that the light 
produced is not a result of heating, i.e., incandes 
cence. Although two very different types of electro 
luminescence are known to exist, only the type in 
which a phosphor is subjected to an alternating 
electric field is yet of practical importance. This 
method of light generation was discovered by Prof 
Georges Destriau in Paris in 1956,' and the type of 
electroluminescent phosphor discovered by him, 
zine sulfide activated with copper and other ele- 
ments, is the basis of all the electroluminescent 
lamps and other electroluminescent devices being 
made or under consideration today, although the 
properties of such materials have obviously been 
greatly improved since the time of his original 
discovery 

Following an extensive review of Destriau’s work 
published in the English language* soon after the 
end of World War II, various organizations began 
a study of the fundamentals of electroluminescence 
and its possible practical applications. The first 
paper describing a commercial electroluminescent 
lamp was that of Payne, Mager, and Jerome,’ pre 
sented before this Society in 1950. Since that time 
much effort has been devoted to the realization of 
practical electroluminescent lamps of various types 
and for various uses. Although such lamps are not 
vet developed to the stage where they may be used 
for purposes of general illumination, there exist 
many applications involving low and medium 
brightness levels which seem ideally suited to the 
properties of electroluminescence as it exists today 

It is the purpose of this paper to describe some 
of the present applications of electroluminescence 
and some of the problems in selection of materials 
and in lamp design which are met in the fabrication 
of lamps for these applications. Electrolumines- 
eence is still in a stage of infancy compared to 
other types of light sources and some of the diffi 
culties encountered in its development are unique 
A paper presented at the National Technical Conference of the 
IJuminating Engineering Society, September 7-11, 1959, San Frar 
cisco, Calif. AurHor: Research Dept., Lamp Division, Westinghous 
Electric Corp., Bloomfield, N. J 
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Some of the problems encountered in the de- 
sign and construction of electroluminescent 
lamps for various applications are considered. 
The various types of lamp construction are 
reviewed. The factors affecting maintenance 
of output during life, the effects of the par- 
ticle size of the phosphor used, the effects of 
the resistance of the electrodes, and an optical 
problem involving small illuminated areas are 
discussed. As more and more of these prob- 
lems are solved and as more experience is 
gained, the different types of lamps available 
commercially will increase and the number 
of successful applications for the unique 
properties of electroluminescence will grow. 
Although not ready for general room illumina- 
tion, electroluminescence is now by no means 
a laboratory novelty. 


in the lamp business. It is believed, therefore, that 
a discussion of the experience gained in solving 
some of these problems will be of value. It should 
be understood that this is not a report of the work 
of a single individual but rather that of a large 
group; where possible, individual credit is given 


but this has not always been feasible 


Effects of Phosphor Particle Size 


All commercially available electroluminescent 
lamps make use of specially prepared phosphors in 
the forms of powders which are embedded in an 
organic (plastic or inorganic (ceramic) dielectrie 
and placed between two electrodes, at least one of 
which must obviously be transparent. It has been 
the general experience in fluorescent lamps and 
other applications of ultraviolet-excited phosphors 
that higher efficiency is obtained if phosphor par- 
ticles are used which are as large as possible consist- 
Although the 
emission process in electroluminescent materials is 


ent with the coating requirements. 


essentially the same as in other types of phosphors, 
the effect of particle size in this case is found to be 
quite different, indicating a great influence of par- 
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Figure 1. Effects of phosphor particle size on electro- 
luminescence brightness as a function of applied volt- 
age. The various fractions were separated from a single 


phosphor preparation (data from Lehmann). 


ticle size on the excitation process as distinguished 
from the emission process 
Lehmann‘ and Goldberg® have studied the effect 
f phosphor particle size on the brightness-voltage 
characteristic 
Fig. 1. At voltages 
dewn limit there is very little effect on the output, 


Some typical results are shown in 


close to the dielectric break- 


but at lower voltages the output of the smaller par 
ticles is markedly lower than that of the larger 
particles. On this basis alone there would seem to 
be little or no advantage to the use of small phos- 
phor particles in an electroluminescent lamp. On 
the eontrary, since the phosphor is really responsive 
to the electric field strength and not to the voltage 
alone, accidental non-uniformities in the thickness 
of the phosphor layer might be more easily detected 
in the case of small particles, and closer manufac 


It should be 


said, however, that for some non-illuminating ap 


turing tolerances would be required. 


plications of electroluminescence connected with 

solid-state image display devices, a phosphor dis 
pia! I I 

playing a rapid change in output with applied volt 


tage would have a definite advantage because of the 
greater contrast in the image.® 
It is when the effect of particle size on electro- 
luminescence efficiency is considered that the bene 
fits of the use of small phosphor particles in elee 
troluminescent lamps are realized. This effect was 


first reported by Lehmann.* Some of his data are 
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Figure 2. Effect of phosphor particle size on electro- 
luminescence efficiency (data from Lehmann). 


shown in Fig. 2, which clearly shows the improved 


performance of the smaller particles. In general the 
peak efficiency seems to vary inversely as the square 
root of the particle diameter. Although the particle 
size is of great importance, the efficiency is, of 
course, also influenced by other factors related to 
phosphor composition and preparation. 

It has also been found by Thornton that the par- 
ticle size of the phosphor has an important bearing 
on the maintenance of output during the operating 
life of an electroluminescent lamp, a subject which 
will be discussed more fully in the next section of 
this paper. Some experimental data for identical 
phosphors of various particle size embedded in a 
It is seen that 


the maintenance is much worse for the smaller par- 


plastie dielectric are shown in Fig. 3. 


ticles. In practice, therefore, it is necessary to 
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Figure 3. Effect of phosphor particle size on mainte- 
nance of output of electroluminescent lamps with plastic 
dielectric, The time seale will depend upon the particu- 
lar phosphor used (see text). (Data from Thornton.) 
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effect a compromise between efficiency and mainte- 
nance in choosing the phosphor particle size to be 


used 


Maintenance of Output 


The extent to which the output of an electrolu- 
minescent lamp declines during life is influenced by 
many factors, including phosphor composition and 
preparation conditions, particle size (as discussed 
above), and many others. It is also well known that 
the maintenance is adversely affected by the pres- 
ence of water vapor; practical lamps are therefore 
very carefully sealed against the ingress of mois 
ture. It now seems, as shown by Thornton,’ that 
oxygen is an important factor in the loss in light 
output of zine sulfide. Since the low-melting-point 
glasses used for embedding phosphors in ceramic 
type lamps are basically oxygen-containing com 
pounds, it seems likely that reaction between the 
glass and the phosphor is responsible for both the 
lower initial output and the better maintenance 
The dam- 


age suffered by the phosphor when the glass frit is 


generally observed in lamps of this type 


melted to embed it may correspond to that suffered 
during several hundred hours of operation in a 
plastic-embedded lamp. According to this picture a 
ceramic-embedded lamp starts life at a point cor 


responding to a time greater than zero on the curves 


! 
of Fig. 3 and hence has a higher percentage main 


tenance but lower initial output 

The maintenance of output of an electrolumines 
cent lamp is affected not only by the materials and 
techniques used in its construction but also by the 
way in which it is operated.*® Some loss in output 
will always be observed even if moisture is serupu 
lously avoided. The amount of deterioration is 
greater the higher the operating frequency. For 
operation at very hight frequencies, as pointed out 
by Sack, the output after a certain time of opera 
tion is determined by the number of cycles of alter 
nating voltage to which the lamp has been sub 
jected, i.e., to the product of frequency and time 
As shown in Fig. 4, at low frequencies the life is 
generally somewhat greater than predicted on this 
basis. At the time this paper was written, labora 
tory tests on a specially prepared yellow-emitting 
phosphor indicated that 10" cycles of high-fre- 


quency operation were required to reduce the 


brightness to half the initial value. For operation 
at 4000 eps, 10'° eyeles corresponds to 700 hours or 
about one month of continuous operation. The cor- 
responding time for 60 eps operation should be at 
least 200 times this or about 20 ».ars! Since the 
loss in output is more rapid during the early hours 
of life, the apparent maintenancet will be improved 
if expressed as a percentage of the output at 100 
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Figure 4. Effect of frequency upon maintenance of 
output of electroluminescencent lamps with plastic die- 
lectric. The time scale will depond upon the particular 
phosphor used (data from Thornton). 


hours (the standard practice for fluorescent lamps 
rather than the initial output. 

If the output is measured at the same voltage as 
that at which the lamp is aged, and if the phosphor 
is uniformly distributed throughout the dielectri 
layer, then it is found that the maintenance of out 
put is affected very little, if at all, by the magni 
tude of the applied voltage. The characteristic of 
output as a function of voltage, however, may be 
changed markedly.’:* The rate of deterioration of 
output in general increases as the temperature is 
temperature of 


increased; measurements at the 


liquid nitrogen have indicated essentially no de 


cline in output.” It is believed that the decrease in 
output is the result of electrolytic migration in the 
solid phosphor particles ;** even with very low ionic 
mobilities appreciable effects can result because of 
the very high field strengths and very long times 
involved. 

Until recently it was found that the maintenance 
characteristics of blue electroluminescent phosphors 
were inferior to those of green emitters and that 
these in turn were worse than yellow phosphors 
Recent developments in phosphor preparation, 
however, have resulted in green and blue phos 
phors with maintenance characteristics approximat 
ing those of the yellow phosphors. Equality of 
maintenance is obviously an important factor in the 
preparation of white-emitting phosphor blends if 
color shifts during life are to be avoided. 

It is generally believed that electroluminescent 
excitation is limited to very small regions of the 
phosphor particles. Thornton’ suggests that this 
localization is greater at high frequencies as well as 
at low applied voltages. This view is supported by a 
variety of experimental evidence. Perhaps the most 
striking is that ‘‘two lifetimes’’ may be obtained 
from an electroluminescent lamp in the following 
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manner. The lamp is first operated at high fre 


queney and it W voltage and the output allowed to 


deteriorate to some arbitrary point. If it is then 


switched to a combination of low frequency and 


high voltage sufficiently far from the initial condi 
tions, it will be found that the characteristic of out 


put as a function of voltage has been essentially 


unchanged by the aging. If the lamp is again aged 


under these new conditions, it will be found that 


the maintenance characteristic is essentially the 


same as that of an identical lamp, operated under 


the same conditions, which had not received the first 


treatment. This happens because under the second 


set of operating conditions the excitation extends 


into ‘*fresl regions of the phosphor particles not 


affected by the first aging. The first ‘‘lifetime’’ ol 


tained in this way will, of course, be much shorte: 


than the second because of the higher frequency 


employed so that this effect is of more scientifi 


than practical interest 


This same effect may be utilized in another way 


Suppose two dentical lamps are selected and op 


erated at the same frequency. For simplicity let 


us say that the lamps will produce a brightness of 


1) footlamberts at 400 volts or 15 footlamberts at 
250 volts and that for a certain application a mini 
mum of 15 footlamberts is required 


operat at a 


uuitput has deer 


(ne lamp is 
onstant value of 400 volts until its 
ased to 15 footlamberts. The see 
250 volts and the 


ond lamp ts started at voltage con 


tinuously increased during the life to maintain an 
output of 15 footlamberts until the required voltage 


At the nd 


lamps would have an output 


has reached 400 volts of these tests both 
footlamberts at 
100 vo in an actus xperi performed at 
L000 « f educe ime req it was found 
rightness operation 

imes that for « 


onstant voltage operation 


follows because ‘‘fresh’’ regions of the 


iis avain 


ospl or are itilized “as the voltage 1S increased nN 


onstant brightness case. 


d that the electrical impedance 


s also o 


escent lamp increases during life 


eriorates.*’ This means that 


production may remain con 
during aging in some 


od for artificially improv 


; 


eristic. If excess voltag 
ixed impedance may be 

lamp and adjusted to gi 
As the 


\ oltage 


lan p 


oss th: 


across the 


litions, the 


ts changing imped 


maintenance will be better 


voltage operation. Some exper! 


vd P) wyress wm Electrolumine Sce nt Lamps 


mental results obtained by Thornton when a re 
sistor is used for the external impedance are shown 
in Fig. 5a. Similar data for the use of an external 
capacitor are shown in Fig. 5b; in this case the 
power dissipation in the resistor is avoided. Such a 
capacitor may also be incorporated internally in t! 
lamp by providing a layer of dielectric free of 
phosphor between the lamp electrodes. Such a layer 
also offers advantages from the point of view of pr 
tection against voltage breakdown 


Effects of Electrode Resistance 
The 


must be 


transparent conducting electrode wh 


used in an electroluminescent lamp cai 
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Figure 5a. Effect of external series resistor on mainte- 
nance of output of electroluminescent lamps. The vollt- 
age across the lamp initially was the same in all cases: 
the figures in pare.uthesis indicate the ratio of total 
applied voltage to initial lamp voltage. The time scale 
will depend upon the particular phosphor used (data 
from Thornton). 
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Effect of external series capacitor on main- 
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Figure 5b. 
tenance of output of electroluminescent lamps. The volt- 
age across the lamp initially was the same in all cases; 
the figures in parentheses indicate the ratio of total ap- 
plied voltage to initial lamp voltage. The time scale will 
depend upon the particular phosphor used (data from 
Thornton). 


Ivey ILLUMINATING ENGINEERING 





Figure 6. Effect of resistance of electrode 
of electroluminescent lamp on _ various 
lamp characteristics as a function of fre- 
quency as calculated on basis of simpli- 
fied theory. See text for explanation of 
the various curves and for the lamp pa- 
rameters used in the calculation. 


often have an important effect on the lamp charac 
teristics. In most cases it consists of a thin coating 
of tin oxide on glass. Such coatings may be made 
in the laboratory or obtained from various glass 
fabricators with optical transmission of 80 per cent 
or better and resistances of 50 to 100 ohms per 
square.* Lower resistivities are available but only 
at a sacrifice in transmission and therefore in light 
output. As the lamp current must flow through this 
conducting electrode, the voltage drop across it 
must be considered. The situation obviously be 
comes worse in the case of lamps of large size (the 
largest lamps made to date are 24 inches x 30 
inches) and for operation at high frequency where 
the resistance becomes large compared to the essen 
tially capacitive impedance of the phosphor dielec- 
tric layer. 

A complete theoretical analysis of the effect of 
resistivity of the electrode in an electroluminescent 
lamp is complicated by the non-linear properties of 
the phosphor. A simplified treatment, however, in- 


controlling parameter is the 


L pe f ) , 
(5 1 


where L is the length of the cell (1.e., the length of 


dicates that the 


quantity! 


the electrode through which the current to the most 
remote point of the cell must flow), p is the resist 
ance (per square of the electrode, eis the dielectric 
constant of the phosphor-dielectric layer, d is its 
thickness, and f is the frequency of the applied 
voltage. The larger k, the greater the effects of the 
electrode resistance. It is seen that k is more sensi 
tive to L than to the other factors; doubling the 
length of the cell has the same effect as increasing 
the frequency by a factor of four 

*A little thought will convince one that the resistance between two 
opposite edges of a square conductor is a function only of the 
naterial used and its thickness and is independent of the edge lengtl 
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The resistance of the electrode will have several 
effects on lamp performance. Fig. 6 shows the re 
sults of the approximate calculations (neglecting 
for the following typical val- 


100 ohms 4 


nonlinearity effects 
ues: d 2 mils, L 12 inches, p 


square, « 5, and 75 degrees (¢ is the phas« 
angle of the phosphor-dielectric layer). The various 
curves of the figure represent the frequency de- 
pendence of the following effects: 

1) There will be a voltage drop across the re- 
sistive electrode and therefore the voltage, V 
across the phosphor-dielectric laver at the edge of 
the lamp at a distance L from the electrode contact 
will be less than the applied voltage, V,. This is 
shown by the curve labeled V,/V, 


2 Since the output depends strongly on the 


voltage there will be a variation in brightness 


across the lamp represented by the ratio B,/B,, 


where B, is the brightness immediately adjacent 
the contact and B, is that at the opposite side. The 
curve plotted is for the case B,/B V1/V.)4, 
which is true if a lamp is operated at the voltage 
for maximum efficiency, which is about half the nor- 
mal rated voltage."! At rated voltage the corre 
sponding exponent is roughly two instead of four 
and the resultant curve lies between those shown 
here for V,/V, and B,/B,. 

3) Because of losses in the resistive electrode 
the power consumption of the entire lamp, W, will 
be greater than the power We, which is actually 
dissipated in the phosphor-dielectric layer and 
available for light production. This effect is shown 
by the curve labeled W/We. 

4) The measured electrical capacitance of the 
lamp, C, will be less than the value, (,, at frequen- 
cies so low that the effect of the electrode resistance 
is negligible, as shown by the curve C/C,. 

5) The measured phase angle, y, will vary from 


the value characteristic of the phosphor-dielectric 
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laver, o, to half this value, ¢/2, at high frequencies 


In Fig. 6 the loss angle 8 90 degrees—y) is plot- 
ted rather than @¢ itself 

6) The heat generated in the resistive coating 
which will not be uniformly generated over the 
lamp) will also affect the phosphor output; de 
pending on the phosphor and the frequency used, 
increased temperature may either lower or increase 
the output This effect is, therefore, difficult to 
calculate but will have an additional influence on 


the idealized B,/B 


The curves of Fig. 6 apply only to the specifie ex 


curve shown in Fig. 6 


ample cited. It will be recalled from Eq. (1) that 


doubling the length of the cell, L, is equivalent to 


multiplying the frequency by four. Thus for a cell 


inches long, the frequency scale in Fig. 6 
uuld be multiplied by a factor of roughly ten; for 
11 1.2 inches long, by a factor of 100; and for a 
The effects of 


electrode resistance may obviously be minimized by 


ell two feet long, by a factor of 0.25 


making contact to the electrode on more than one 


side or by overlaying it with strips or a network of 


13 


lines of a material with higher conductivity, 


vided that the latter is not objectionable from th 


pro 


\ point of appearan 


Optical Problems in Electroluminescent 
information Display Lamps 

Kleetroluminescent lamps with sub-divided elec 
es for the display of numerical or alphabetical 
rmation were first described by Sack.'* A seven 
ign is sufficient to form by suitablk 
eans any number from 0 through 9 
lows a ten-segment design with improved 
; in addition to numbers this lamp can also 
sixteen letters of the alphabet and many 
wls, including positive and negative signs. The 


| 


en-segment desig f Fig. 7b permits display 


of all the numerals é and additional symbols 


In these lamps the electrode is undivided 


al ommon to all gments. Such display lamps 


a) (ft 
Figure 7. Electrode segment designs for typical electro- 
luminescent information display (numerical or alpha- 
betical) lamps. (a) is ten-segment design; (b) is four- 


teen-segment design, 
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Figure 8. Measured brightness across the boundary be- 
tween illuminated and unilluminated areas of electro- 
luminescent lamps with glass bases of four different 
thicknesses. As abscissa is plotted the distance from the 
boundary divided by the thickness of the base (data 
from Thornton). 


should find application in digital voltmeters, com 
puter read-out devices, stock quotation boards, ath 
letic score boards, train or airplane indicators, ete 
For such uses electroluminescence has many ad 
vantages over the incandescent or glow-discharge 
devices now used 


the light out 


lamps and electro-mechanical 
These include a ‘‘fail-safe’’ feature 
put declines slowly during life rather than ending 
atastrophically), long life, high reliability, small 
space due to thinness of the lamp, good legibility, 
wide-angle viewing, lack of parallax, and low power 
consumption (approximately 0.1 watt per letter or 
numeral 

In one design of lamps of this type the illumi 
nated segments are only 5/32-inch wide. It was 
found that the brightness obtained was lower than 
than expected on the basis of measurements on 
lamps with larger illuminated areas. Investigation 
showed that the lower output was not due to any 
deficiency in the phosphor, but resulted solely from 
an optical effect resulting from the geometry. Light 
from the illuminated area is lost to non-illuminated 
areas of the lamp by inter-reflections in the glass 
base. If the adjacent area were itself illuminated, 
then the light lost in this way would be compen 
sated for by light coming from the adjacent area 

ig. 8 shows some measurements made by Thorn 
ton on the distribution of brightness near the 
boundary between an illuminated and a non-illu 
minated area for several thicknesses of glass base 
Although most of the change in output occurs near 


the boundary as expected, there is a small variation 
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in brightness on either side. This effect can ob- 


vious'y be minimized by reducing the glass thick- 


ness. The index of refraction of the glass will also 
affect the result but it is generally not feasible to 


vary this. 


Various Types of 
Electroluminescent Lamp Construction 
Electroluminescent lamps may be made in a 
variety of ways. The phosphor may be coated over 
two wires which serve as electrodes and are wound 
on a cylindrical or other shaped form.’ The elec 
trodes may also consist of two sets of interlocking 
fingers arranged much like the teeth of a comb with 
In these cases neither 
light 


emission, however, is not uniform over the area 


both electrodes in one plane. 
electrode need actually be transparent; the 


More generally one electrode is transparent and the 
other is parallel to it and spaced a short distance 
from it.* Even in this case, however, a wide variety 
of different constructions are possible. For practical 
lamps the phosphor may be embedded in a plastic 
The embedded 


material may also consist of a low-melting-point 


dielectric and coated on a glass base 


glass or enamel'®!®; in this case the base may be of 
either glass or metal 

A special type of lamp with subdivided electrodes 
for the 


formation has been discussed above 


display of numerical or alphabetical in 
Pictorial or 
advertising displays with a prearranged pattern 
may obviously be fashioned in a similar way.” If 
the two electrodes of the lamp consist of two non 
parallel sets of stripes which form a Cartesian co- 
ordinate system, then pictorial information of any 
kind may be presented.’*:'* Such devices hold great 
promise for flat solid-state radar or television dis 
plays of the future; some of the difficulties to be 
overcome before they are commercial practical have 
been summarized elsewhere.”° 

Multi-layer lamps with the different layers con 
taining phosphors emitting with different colors 
may be made, either with plastic or glass embed 
ment of the phosphor.*? By varying the voltages 
applied to the three layers the color may be contin- 
ously varied over a wide range. Such lamps are 
being experimentally adapted to the illumination of 
aircraft instruments*; here a change in color may 
be used as a warning indication or to present addi- 
tional information. Each layer of such a multi-layer 
lamp (which is essentially a capacitor) may also be 
tuned to a different frequency by an inductor so 
that the color will vary as the applied frequency 


is changed. Single-layer lamps may also be made 


‘Su v0 ee upported by the Wright Air Development 


Center inder ( $3(616)-5811 
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Figure 9. Electroluminescence brightness as a function 
of voltage for thin zine sulfide phosphor films (data 


from Thornton). 


with special phosphors which show a shift in e1 


sion color with applied frequency.-” 

Although not yet developed to the same state as 
lamps, construction of 
3 


rigid electroluminescent 
In this case the 
phosphor must be embedded in a plastic dielectric. 
The largest single problem in construction of such 
lamps is, perhaps, that of a flexible transparent 
conducting electrode. Metal mesh or woven glass 
cloth®* made conducting with tin oxide may be used. 
The temperature required for application of tin 
oxide coatings is too high to permit their formation 
on plastic materials. The need for good conducting 
films which may be applied to thin plastic sheets is 
perhaps the biggest obstacle in the commercial ex- 
ploitation of flexible electroluminescent lamps 

All of the types of lamps discussed so far in this 
paper involve an electroluminescent phosphor pow- 
der embedded in some dielectric. It is also possible 
in the laboratory to prepare continuous transpar- 
ent electroluminescent phosphor films on a glass 
base. Such films may be only a few microns in 
thickness. Some experimental results obtained by 
Thornton** are shown in Fig. 9. It is seen that ap- 
preciable light output can be obtained from such 
films even at the present stage of development. Be 
cause of the thinness, comparatively low voltages 
are required. Such films, therefore, offer advan- 
tages when lamps operating at low voltages are 
required or when transparency of the lamp is de- 
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Chin phosphor films will also emit light when 


operated on direct voltage rather than on alternat ondo 15, page 136 (1958 
} vers presented at Electrochemics on 
ing voltage and this is an additional advantage ; the Meetir wer Wes April 27-May 1, 1958 (Electronics Div 
rht output for operat c however, con — ©. 37), and ot International 
lich itput for operation on d-e is, hows é : arg sata Brusesle, Belzium, June 2-7, 1958 
siderablv lower than that obtainable for high-fre tobe l. Phys., Vol. 28 
. Vo 
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known that a yellow emitter can be ill-plastic, metal-ceramic, and all ceramic lamps will all find 


prepared from lfide host activated with manganes their specialized fields of application, making best use in 
wr from zine ( uctivated with copper and bromine each ease of their individual properties and peculiarities 
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PHOSPHORS 


For Electroluminescent Lamps 


‘i SULFIDE, the 


EL phosphors, has a long history as a luminescent 


essential component ol 


material. It has been the subject of numerous in 
vestigations in the field of luminescence, going back 
to the systematic work on phosphors by Lenard and 
o-workers in the early 1900’s when it was first re 
ognized that the presence of foreign atoms in minuté 
oneentration is essential. Thus, there was born the 
oncept of activators to which investigators of phos 
phor composition attributed the luminescence activ 
tv. With this as a guide in phosphor synthesis 
many susbtances involving many kinds of activators 
vere made with luminescent materials over th: 


Ther 


well-known texts as Pringsheim' and Leverenz- are 


vears is no need to elaborate here as such 


available. As physicists looked more quantitatively 
nto the problem as to how these activators contrib 
ute to the light emission process in terms of known 
processes, the 


atomic mechanisms and electronic 


oncept of luminescent centers, traps, and centers 
responsible for the emission of specific color bands 
leveloped. These concepts assisted in making pos 
sible the development of phosphors with variable 
and desirable characteristics, such as color and in 
tensity of emission, susceptibility of excitation by 
arious means, rate ol decay after excitation, sta 
bilitv. ete ZnS 


with or without partial substitution of Zn by Cd 


containing various activators and 


d S by Se, permit the production of photolumi 


escent ZnS phosphors of all color emissions fron 
lue to red and with fast or slow decay rates. These 


haracteristies make this gro ip ol phosphors suit 


ible for use in cathode ray and television receiver 


ibes. ineluding color television. Along with ad 


vances in the art of phosphor manufacture by con- 


trolled addition of activators, considerable effort 


has been expended to elucidate the actual function 


ng of the activator as a light emitter in terms of 


asic physica 


processes 


. > , 
eclroluminesce j Phos wore 


For many years, we have been developing and 


producing lamps and other devices involving an en 


} 


tirely different type of luminescence—electrolumi 
: YI 


nescent lamps. These lamps utilize the above-men- 


ioned electroluminescent phosphors which emit 


D4 Phasphors for Electroluminescent Lamps 


By LESTER W. STROCK 


Introduction of fluorescent lamps about 
twenty years ago made phosphors an increas- 
ingly useful and familiar electronic material. 
Now with new applications of electro- 
luminescent lamps rapidly developing, the 
importance of phosphors will be further 
enhanced. This paper shows that electrolumi- 
nescent (EL) phosphors are not simple and 
readily available raw materials, but complex 
technological products resulting from intense 
research efforts employing several scientific 
disciplines. 


light not as a result of external irradiation as here 


tofore, but when placed in a thin electric condenser 
The phosphor is embedded in a dielectric substance 
i.¢., glass) of a few mils thickness. Light is emitted 
on application of an a-c field in the range 20-100 
volts/mil. Butler* has recently reviewed some as 


pects of electroluminescent lamps including the 
veneral features of those employing ceramic dielec 
trics. The phosphor in most general use at present 
is ZnS with Cu and Cl as activators. It can also be 
excited by long wavelength ultraviolet to emit light 
of approximately the same color. The availability 
of a ZnS:Cu-Cl phosphor to be excited by ultra- 
is not sufficient to 


violet (7.e., photoluminescence 


make it emit light in an electric field. The property 
of electroluminescence is developed only by special 
processing. As with ordinary phosphors, substitu 
tion of S by Se shifts the EL colors toward red 
From the nature of the processing, and from the 
difficulty encountered in explaining quantitatively 
the process of light emission in terms of the ordi 
nary luminescence energy band picture, it is fairly 
well established that, in addition to the crystal 
composition (the principal criterion of photolumi- 
nescence the structure of the phosphor crystal 
plays a crucial role in the phenomena of electro- 
luminescence. Therefore, as part of our phosphor 


development program, we have carried out an ex 
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sco, Calif AuTHOoR: Sylvania Lighting Products 
Sylvania Electri Products 


as a Transaction of the IES 


a divisior 
Ine Salem, Mass. Accepted by the 


Paper mmitt 
Papers C« ttee 


Strock ILLUMINATING ENGINEERING 





RYSTAL [Cc DIRECTION 


TO LAYERING 
S; 


3 IN SAME LAYER 


4 IN AN ADJACENT LAYE® 


Figure |. Tetrahedral Bonding in ZnS. 


tensive research program to determine the manner 
in which the phosphor structure is connected with 
its ability to become electroluminescent and _ its 
bearing on the electrolumineseent light emission 


process 


Structural Features of ZnS Crustals 
Some aspects of the structure of ZnS erystals and 
‘ularly structural disorders, which affect cer 
properties of the crystal and seem to have a 
direct connection with electroluminescence, are pre 
sented here to illustrate the unique distinction be 
tween it and ordinary photoluminescence. To begin 
with, ZnS is a prominent member of the tetrahedral 
group of structures, in which each Zn atom has four 
S atoms as nearest neighbors located at the corners 
of a tetrahedron as represented in Fig. 1. Similar 
lv, each S atom is surrounded by Zn atoms. Two 
different structural modifications of ZnS have been 
zincblende) and 


known for a long time; cubic 


he xagonal 


wurtzite), and more recently a third 
or rhombohedral modification has been reported by 
Buck and Strock.* All these modifications contain 
the basic tetrahedral arrangement of nearest neigh 
bors. 

In the cubic structure the basic tetrahedron is of 
regular shape, i.¢., equidimensional in all equiva 
lent directions with all ZnS distances being equal 
In the two other modifications, the basic tetrahe- 
dron is stretched slightly in one direction (along 
e axis of crystal) so that the inter-atomic distances 
and bond angles are no longer all equal 

The conventional description of ZnS structures 
in terms of their basic tetrahedra is a sufficient de 
scription of the structure for formal erystallo 
graphic purposes. However, they do not suffice for 
our purposes, for the reason that we are concerned 
with irregularities in the manner in which the tetra 
hedra are assembled or oriented over much larger 
volumes of the crystal. We want to examine the 


connection between gross disorders in the erystal 
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structure and electroluminescence. It has there- 
fore been necessary to devise a means of repre- 
senting the crystal structure over many unit cells 


by a two dimensional representation. 
Two-Dimensional Map of ZnS Crystals 
The ZnS structure can be conveniently described 


in terms of a packing model in which rows of 


spheres are fittea together to form a two-dimen- 


sional hexagonal network, as shown in Fig. 2. These 
nets are then stacked up to form the three-dimen- 
sional crystal model. The basic geometrical features 
of the ZnS structure can be easily recognized from 
the principle of ‘‘close packing”’’ of equal-sized 
spheres revealed by a model of metals, such as Cu, 
Ag, Mg, Zn, ete. In it, the spheres are in contact 
Any four atoms of a net constitute the base (rhom 
bic shape) of a structural unit. To achieve closest 
packing of identical-sized spheres, the atoms of on 
laver occupy hollows between three aton s of an ad 
Sinee each structural unit of four 
located at B and C in 


jacent layer 
atoms presents two hollows 
Fig. 2 


of an adjacent layer, there is a choice of two posi 


, only one of which can accommodate atoms 


tions available with respect to the positions utilized 


by atoms at a distance of two layers. Depending on 
whether spheres of a third layer utilize hollows (of 
a second layer) which lie directly above spheres of 


the first layer (positions A), or those which lie 


above empty hollows (positions C) of the first layer, 
the resulting structure will have a two-layer or a 
three-layer periodicity; or in terms of a more fa- 
miliar terminology, will be hexagonal or cubic 
These principles are illustrated by photographs of 
packing models in an earlier paper’ by the author 

The same geometrical features are present in the 
ZuS structure, although the density of packing is 
lower because of retaining the same geometry in 
In pure ZnS 


each layer is composed of all zine or all suifur 


packing two atoms of different size. 


atoms. For example, Zn atoms are located in half 


of the hollows existing on the surface of a laver of 


Figure 2. Hollows used in stacking additional layer. 
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Figure 3. Structural modifications of ZnS. C A 
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Figure 4. Stacking sequence. 


S atoms which themselves are not in contact. The 
rystal viewed in the reversed direction along its Ps ' ; 
: sequence. The two-layer periodicity in this diree- 


axis shows S atoms occupying hollows in layers of , . ; ; 
re : tion is evident in the figure. It is also obvious that 


Zn atoms. In this arrangement, each Zn atom has ; ; ap 
only Two of the possible three positions are occupied 


three S-atom neighbors at equal distance in one 
by atoms in a hexagonal erystal 


layer and a fourth neig n a second S-atom ; ? 
. In the eubie (or rhombohedral) structure, near 


laye! : 
' est neighbors lie along straight lines diagonally 


The two structures, resulting from the two sim — os a 
ate across the structure; the sequence is linear. The 
plest ways of stacking alternate layers of Zn and . 

. ate three-layer periodicity, perpendicular to the laver 
S atoms, can be recognized in the seale models of : " 
ing, is also evident in the figure 


the resulting crystallographic unit cells, illustrated 

in Fig. 3. In them the alignment of the nearest like Two-Atom Layer Displacements as Mized 
neighbors of adjacent layers along a diagonal line Structure and Birefringence Disorders 
ABC through the unit ecubie cell is recognizable: . 
th We are now interested in possible erystal disor 
whereas in the hexagonal cell the nearest like neigh 
. z : ders as they may be represented by sequence dia 
bors (of adjacent layers) form a zig-zag vertical 

Line through the cell, 1.€., ABA representing Ss 

atoms. Thus, the different stackings responsible for 


these different structures can be deseribed in terms 


“< 


of a stacking sequence pattern which is easily ree 


ognizable in the structures. The concept of layer 


°@ 


stacking thus provides an alternate manner of de 


aril i: 


scribing the ZnS structure and leads to a method 


of representing, in a two-dimensional diagram, a 


“yy 


* 9.2 8 8 ® “s 8 
7 


large number of layers in which the geometrical 


Ap 


and bonding) consequences of random disorders, 
periodic disorders (polytypes), and phase transi 
tions are conveniently pictured. These stacking se 
quence diagrams are really maps of all atoms of 
the structure lying on the (110) structural plane, 
hown as a vertical projection of the unit cell base 


in Fig. 4, taken from an earlier paper.’ All possible 


a 


hollows for all layers of the structure lie along the 


three vertical lines A, B and C, any one of which 


is an available position for atoms on this plane 


These lines are parallel with the erystal ¢ axis, 
while their separation is one-third of the long diag 
onal of the unit cell base 

In a hexagonal structure, nearest neighbors in ‘A B C A , 


‘ ers é ong -7ar Tticé > l ¥ e : tei ; 
adjacent layers le along zig-zag vertical lines in Figure 5. Hexagonal to cubic transition. Four-layer 


this diagram; in short, they have a zig-zag or 1] displacement in hexagonal structure. 
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Figure 6. Four-layer polytype (22-sequence), 
layer displacement in hexagonal structure. 


grams. A hexagonal sequence diagram, extend- 
ing horizontally over three and vertically over ten- 
unit cells, serves to illustrate partial transforma- 
tion disorders. In the first place, it can be clearly 
demonstrated, by reference to Fig. 5, that a dis 
placement of layers, numbers 2 and 3 to the left 
and of numbers 4 and 5 to the right, will convert 
lavers 0 through 7 of the hexagonal structure from 
a zig-zag to a linear sequence, characterizing the 
cubic structure. Repeated at intervals of six lay- 
ers, the entire crystal becomes cubic. Thus, a hex 
avonal-to-cubie phase transition is accomplished by 
a displacement of four layers of each six to new 
positions 

Now it is possible to produce displacements in 
ZnS erystal to a lesser extent than those which 
lead to a complete phase transition, both in respect 
to number of layers affected and the regularity of 
their ocecurrence—both during crystal growth and 
by subsequent treatment. As an example the dis- 
placement, as above described, in layer 2 may re 
main as an isolated displacement or isolated ‘‘stack 
ing fault”’ occurring once, or at irregular intervals 
throughout the erystal. This single layer displace 
ment of two atoms generates locally sheets of four- 
layer structure (sequence 22—). However, if pres- 
ent at regular intervals of four layers, the entire 
crystal becomes a homogenous four-layer polytype 
structure, in which each fourth layer of the parent 
lavers are displaced, as illustrated in Fig. 6. 

Another intermediate transition structure results 
when layers 2, 3, 4 are displaced to the left. Such 
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Figure 7. Six-layer polytype (33-sequence). 
layer displacement in hexagonal structure. 
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three-layer displacements lead to the development 
of isolated sheets (unit cell thick) of reversed cubic 


structure in the parent hexagonal structure. The 


entire erystal is converted to a homogenous six- 
layer polytype structure when they occur at in- 
tervals of six layers, as represented in Fig. 7. 
Higher period polytypes develop when any of the 
three types of displacements (four-, three-, or one- 
layer) occur at greater intervals than are required 
to produce the homogenous transition structure 
cubic, six-layer, or four-layer polytypes 

All these new structures, resulting from the dis- 
placements described, have one crucial feature in 
common. They have destroyed the continuity of 
the crystal as represented by the unbroken initial 
zig-zag arrangement of nearest neighbors which ex- 
tended throughout the entire parent hexagonal 
crystal. Intermixing of structures which breaks up 
the structural continuity has drastic consequences 
on the interaction of such erystals to polarized 
light and x-rays, as first strikingly observed for 
three-layer ZnS.® 

X-ray diffraction studies, supplemented by stud- 
ies of interference phenomena in polarized light, 
permit a determination of the type of displace- 
ments which have operated on a parent hexagonal 
erystal in its attempt to transform to its stable 
cubic phase under the conditions existing in the 
EL-Phosphor activation process. 

Aside from their usefulness, the optical inter- 
ference phenomena are visually very fascinating. 


The distinct structural features of individual crys- 


Triple- 
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tals show up in polarized light in the form of viv 
idly colored bands because of birefringence which 
an be evaluated quantitatively and photographed 
as permanent data. Bands of cubic structure inter 
mixed with other structures stand out clearly as 
blac vands in a bright colored background when 
mixed structure are viewed in polarized 


rvstals ol 


rht. Crystals were found which are composed of 


only hexagonal structure subdivided into extremely 


Optical 
} 


thin sheets perpendicular to their c-axis 
nterference color st s showed additional su 


livision of the erystal on a larger scale into macro 


scopically resolvable plates having birefringence 
values between pure hexag 


onal and ! t case, 


x-rays reveal the basi 
separate optically different 
idies give information on th 
d trom their original 
average for each plat 
10,000 atomic layers. The 
result from the utiliza 
the three 


available posi 


acking 
treatment at tempera 
temperature The 
bands is a measure of 
displaced fr heir initial 


The changes in some crystals 


*XAaAGONAL DOSITIO! 
en followed p to forty hours at SO0O( which 


| converted the original hexagonal crystal to on 
h no hexagonal structure was detectable by 
but whiel ntained only thin sheets of re 
ubie struc intermixed on a submicro 
The reversibility of this transforma 

en followed for 240 hours at 1100C 
We se behavior of a ZnS 


‘rystal toward polarized lig and x-ravs has been 


therefore. that the 
greatly affected by introduction of disorders in its 
structure. which in turn we used as tools to study 


disorder An 


mary of this work has been reported by 


quantitatively theses interim sum 


Strock 


and Peters 


Brophy 


UOne-Atom Lauer Displacements as Birefringence 
Banding and Electrol 


The disorders, so far considered 


MImmINESCENCE Disorders 
have resulted 
1¢ simultaneous displacement of a ZnS atom 
being moved as a unit without disruption 
vertical bond between then a two-atom 
plac ement. One 


atom displace ments are also pos 


when rystal growth, mistakes are 


auring 


nade by zine atoms in attaching to underlying sul 


ur layers on the growth plane of the erystal. In 
this case, zine atoms merely attach to three sulfurs 


hollows on sulfur laver) of the existing S laver. 
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Zn SELECTS ALTERNATE 4-FOLD POSITION 
IN ATTACHING TO SULFUR LAYER 3 
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Figure 8. Growth mistake in cubic Zns. 


rather than to one sulfur, and further growt 

the crystal then continues in the initial manner but 
with the order of Zn atoms and S atoms reversed 
This represents no radical change in the structure 
Zn atoms merely utilize an alternate set of available 
tetrahedral positions in the structure. The situation 
is evident from the three-layer stacking diagram of 
Fig. 8, which shows the change in relative positions 
of the Zn and S atoms resulting from the growth 
mistake. The boundary layer is unique in that it 
‘onstitutes a layer of S atoms having six zine neigh 
bors, rather than the normal four. At this bound 
ary, therefore, the tetrahedral bonding scheme of 


the crystal is interrupted, dividing the erystal op 


tically into distinet portions. Thus, we have here a 


second type of disorder to which may be attributed 
the optical barriers in the erystal. This results in 
birefringence banding, as reported two years ago 
by Strock.' 

A closely related type of one-atom displacement 
an be introduced into a completed hexagonal crys- 
tal, as illustrated in Fig. 9. The result here is quite 
different in that the atom displaced (sulfur) enters 
of the Zn lattice 


than a four-fold one which led to birefringence 


a lattice six-hold position rather 


boundaries. But as in that case, the ‘‘deserted’’ 
partner of the pair (Zn) is now surrounded by six 
S atoms instead of the normal four. This disorder 
ean be introduced into a completed hexagonal erys 
layers under conditions existing 


tal in isolated 
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BROKEN BOND DISORDER 


ZINC ORDERED DISORDERED 
LAYERS li -- SEQUENCE it -- SEQUENCE - Zn ONLY 


5 O 


DISORDERED 
7” REGION Figure 9. Single-atom layer displace- 


ment in hexagonal ZnS. 
Z INTER LAYER 
TETRAHEDRAL 


BONDING DESTROYED 


during activation of electroluminescent phosphors very unique, as well as a new, luminescent maté rial 


A unique feature of this third type of disorder is in this respect. A definite conclusion regarding a 
that a free vertical bond on two atoms is created by connection between ery stal disorders and electro- 
the displacement. After the displacement both luminescence was possible only after extensive 


with studies aimed at understanding the 


eor- 


atoms affected are not in position to enter into relation 


normal bonding relations with their neighboring role of related disorders on other properties of the 


atoms. This third disorder has served as a struc crystal which lead to their unique and characteris- 


tural model in guiding our electroluminescent tic interaction with x-rays and polarized light 


phosphor researeh 
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H. F. Ivey:* Dr. Strock’s excellent work on the erystallog 
raphy of zine sulfide is well-known and is a valuable 
addition to our understanding im this field. I am sure that 
everyone who has worked on electroluminescent phosphors 
will agree with him that they ‘‘are not simple and readily 

iilable raw materials, but complex technological prod 
ucts.’’ Dr. Strock’s attempts to elucidate this complex 
problem from the crystallographic viewpoint are therefore 
certainly to be welcomed. 

Unfortunately, however, we have found it somewhat diffi 
cult from this paper to find what progress has really beer 
made. It is admitted that ‘‘EL activity frequently accom 
panied the development of mixed structure and optica 


birefringence banding in ZnS crystals, but not always 
However, some erystals occasionally showed bright EL a 
tivity but no birefringence banding ’’ The situation hence 


to be far from clear-cut or conclusive It is also 


scems 
stated that ‘‘A definite conclusion regarding the connection 
between crystal disorders and electroluminescence was pos 
sible only after extensive correlation. ’? In view of the 
ibove statements it is not clear to us Mg this definite 
conelusion is Perhaps Dr. Strock could ss this point 
further 

Dr. Strock’s erystallographic work has naturally been 
onfined to single ervstals of ZnS We would be very inter 
ested in knowing the relationship between these results and 
those on the phosphor powders normally used in electrolumi 
nescent lamps, which are the subject of the paper but about 
which little has been said. The methods used for preparing 
such powders are considerably different from those for 
growing sizeable single erystals and hence the connection is 
not immediately obvious. We would also like to ask if it 
has yet been possible to produce in the simpler single 


erystals electroluminescence brightness and efficiency ap 


proaching that of the more complex commercial powders 


Finally, we would like to refer to the previous work of 
McKeag! and his colleagues on the effect of erystal 
orders on electroluminescence. 


urnal of the Electr 
Vol. 177, p. 24 


k W STROK 


pertinent results of several vears’ work on the structura 


** My paper attempted to summarize th: 


disorders which occur in zine sulfide and to state my con 
clusions s to their role in electroluminescencs Those 
lisorders which lead to polytype structures, mixed structures, 
sequence reversals, and opti birefringence have been 
it technical meetings and published ir stract 
form over the past several years 
The ‘‘broken bond disorder’’ Fig u was pre sented a 
meeting covered by the ibstract of references 7 and 
was described in the oral presentation as a possible ‘‘E 
lisorder.’’ Sinee then, a very active research program has 
been conducted using this type of disorder as a guide in 
El-activation experiments and as a model for deseribing the 
r 


rht emission process. The experimental results all strong); 


support the ‘‘ broken bond disorder’’ as being specifically 
responsible for electroluminescence 

Sinee the strongest experimental evidence for the existences 
of this disorder is of a chemical nature, is based on param 
eters and phosphor properties, this work will be reported in 
letail elsewhere 

The emphasis of the present paper has been to review the 


evidence that a number of structural disorders occur in 


Bloomfield, N 
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ZuS erystals which are spectacularly revealed by X ray 
diffraction and optieal birefringence phenomena, but that 
the disorders do not contribute to the basic phenomenon 
of electroluminescence Dr Shraders’ philosophical ind 
erroneous conclusion of my thinking notwithstanding. These 
disorders which may be grouped together as position and 
polarity-stacking disorders were carefully reviewed in order 
to clearly mark their basic difference from the one atom 
displacement or ‘*broken bond disorder’’ which I have 
deduced as being specifically and basically connected with 
electrolumineseence, I have stated that this specific El 
disorder frequently, but not always, oceurs along with the 
deseribe 


It should not be necessary to point out explicitls 


d stacking disorders in ZnS single crystals 
persons familiar with erystal structure or chemical struct 
problems, that the zine atom after the one-atom displace 
ment—finds itself in a geometrical environment where a near 

of chemical bonding ean exist, depending only on 
the manner in which and under what conditions it shares 
electrons with its neighboring sulfur atoms. The two bonding 
possibilities are approximate octahedral and tetrahedral 
incomplete 4 mechanism of El-emission has been devel 
oped utilizing these features of the disorder and wil be 
described elsewhere. It was anticipated that participants in 
this Light Source Symposium would not be interested in 
these technical details. 

All three diseussers raised the question as to what extent 
erystallographie data from large-sized erystals (0.05-10mm 
grown from the vapor phase can be transferred he 
smaller erystals (under mm) of El-powders. In reply, 
I can state that individual erystals of 20- to 50-micron size 


olated from eleetroluminescent powders show stacking 


faults, mixed X-ray structure, sequence reversals, and banded 
birefringence to the same extent and on the same seale as 
found and deseribed for the larger crystals They also show 


the same lack of corresponde nee hetween these 


sensitive properties and electroluminescence exists 

irge erystals. Thus there can be no objection to 

my extension of phenomena observed so extensively on large 
ls to El-powders. The situation with El-powders is, 

er, more complicated with respect to details 

My omission of references to others who have suggested 
connectior mostly of a very general nature betwee! 
nd electroluminescence, was deliberate. I did not 

the experimental data which supports my proposed 
|-disorder, preferring to discuss relevant literature 


publication of the experimental pay 








A Chance for Cheers 


An opportunity to boast—and not only 


to local listeners—about a good lighting job 
and at the same time to publicize your See 
tion or Chapter is offered via the Data 
Sheet submission contest. For listing of 
Data Sheet Reporters and details of the 
competition, which entails a small invest 
ment in time and effort but promises many 


beneficial returns, see page 14A 
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Electroluminescent Sources in 
Automotive Instrument Lighting 


Good instrument panel lighting is a must on modern automobiles. Electro- 


luminescence is a newly practical tool for use in the development 


of improved panel lighting in a precise, scientific manner. 


By J. M. HARRIS and P. J. BLINKILDE 


Require. panel lighting could be 


1) Good instrument panel lighting illuminates 


letters, graduations and pointers equally and 
brightness to transmit the message 


eyes drop to read the 


ith sufficient 
rapidly when the driver’s 
’ 


nstruments 


b) For maximum legibility, the hands, point 


ers, letters and numbers should be lighted so that 
ev contrast with the background 
Extraneous light should be minimized 


d) Although 


ured, it should be 


considerable brightness is re- 
achieved without glare 
All components on an instrument panel, such 
is speedometer, clock and radio, should be com 
patible. The lighting should look alike and when 
limmed, all components should dim together 
The availability of electroluminescence brought 
promise that additional progress could be made to 
ward satisfying these diverse requirements. We 
believe the promise is fulfilled by results obtained 
through the application of electroluminescence on 


some 1960 automobile instrument panels 


History of Panel Lighting 


There have been three basic approaches to in 


strument panel lighting: floodlighting, edgelight 
ing, and blacklighting. In floodlighting, the light 

om ineandescent bulbs is reflected from the side 
walls of the housing (and sometimes reflectors 
onto the pointers and back dials (see Fig. 1 The 
back dials are decorated with colored numerals and 
rraduations which become visible when light im- 
pinges on them \utomotive engineers describe the 
16 Bone 


letters. numbers. and graduation marks as 


rations ai 


sminescent Instrument Liaghtina 


Unlike floodlighting, electroluminescence offers 


1) a means of minimizing extraneous light, and 
2) excellent sharpness and clear definition 

Edgelighting employs the phenomenon of total 
inner reflection which oceurs in plastic and other 
transparent media. Once the light is directed into 
the plastic, it flows until it is interrupted by disrup 
tions in the plastic surface. These disruptions are 
the numerals, letters, and graduations which are 
engraved in the plastic and filled with paint (see 
Fig. 2 


This method provides greater control of 
the light and the lighting of the engraved nu 
merals and graduations and is superior to that 
achieved in floodlighting. However, the pointers 
must still be floodlighted and thus the objections 
mentioned above regarding floodlighting remain 

‘Black lighting’’ is a misnomer. It is more prop 
erly deseribed as ultraviolet lighting. Glass filters 
are usually placed over the bulbs, and phosphor 
paints are used on the numerals, graduations, and 
pointers. The filter removes most of the visible light 
and transmits the ultraviolet and some visible blue 
The phosphor paint fluoresces when activated by 
the blue and near ultraviolet and thus the nu 
merals, graduations, and pointers are seen. Since 
most of the visible light is filtered from the sys 
tem, the deficiencies noted for floodlighting are 
minimized 

Although ‘‘black lighting’’ produces a very de 
sirable effect. electrolumimescence is considered su 
perior in several respects 1) illumination level; 
2) panel effectiveness aot diminished by phosphor 
depreciation ; 3) absence of stray light 

In comparison with the three lighting methods 
mentioned above, electroluminescence has the fur- 
ther advantage of being adaptable to the variety of 
desired instrument panel shapes, along with the 
design flexibility to accommodate the necessary in 
ternal constructions of the various panels. The 


typical sections of instrument panel components 
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Figure | (left). 


speedometer. 











speedometer. 








shown in Fig. 3 emphasize the variety encountered 
In spite of these variations, the lighting of each 
component must be compatible with the others in 
both color and intensity. With electroluminescence, 


the desired objectives can be attained quite readily 


Electroluminescence 


Electroluminescence has come to be a generis 
term. It is defined as the mechanism by which 


light flux is generated when a phosphor is directly 


excited by an alternating electric field. The appli 
cation of this phenomenon to automobile instru 
ment lighting is new. Among the several different 
laboratory and commercial forms which an electro 
luminescent lamp may take, ceramic on metal has 
been currently adopted for automotive use. The 
ceramic on metal lamp has the characteristic physi 


cal appearance of a parallel plate capacitor In its 


SPEEDOMETER 


Figure 3. 
nents. 


Typical sections of instrument panel compo- 
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Floodlighting a 


Figure 2 (right). Edgelighting a 


Electroluminescent Instrument Lighting 








simplest form the panel is flat. Where curved sur- 
faces are required, the panel can be formed, using 
common sheet metal working techniques, to any 
reasonable shape. The fundamental construction 
of a typical ceramic on metal panel is shown in 
Fig. 4 

1) The metal is cold rolled sheet steel and is 
nominally .030 inch thick 

2) The ceramic ground coat applied to the steel 
acts as a glass-to-metal seal and sets up proper 
electrical characteristics. 

3) The second coat is the phosphor bearing 
ceramic material which glows in the presence of an 
alternating electric field. 

j Upon the phosphor coating a thin film of 
transparent conductive material is applied. 

5) The final coating given to the lamp is a vit- 


reous film which covers the entire surface and 
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Figure 4. Layers of an electroluminescent lamp. 
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Figure 5. Pointer. 
the lamp. The purpose of this film is to 
insulate the panel electrically, and more important 
to hermetically seal the panel from any moisture 
effects. This construction has the physical strength 
moisture protection, long life, good maintenance 
and reliability needed for automotive application 
A modification of the 


the electroluminescent lamp is offered by 


conventional flat form of 
slender 
eylindrical shapes. These are often used as pointers 
They are of similar construction to those former] 
described but the coatings are applied as concen 
tric layers. Fig. 5 shows the construction of th: 
040-inch 


wire with coatings built up to about .060 inch. It is 


pointers. A typical pointer is made of 


given a final coat of red fluorescent paint to pro 


} 


vide a thin line of red light for easy identification 


Lamp Characteristics 
Since the electroluminescent lamp is an alternat 


ing current device operated with a wide 


range of frequency, age and wave form. The 
mount and color of the emitted light, though pri 
marily determined by the phosphor, are also influ 


enced by the dielectric medium and power applied 


Among presently available electroluminescent 


phosphors which provide reasonable light-generat 


ing efficiency Zine sulfides activated by copper are 


onsidered outstanding. Control of the copper con 


tent allows either blue or green emission to be ob 


tained at will \ddition of manganese, in inere asing 


amounts, gradually suppresses emission at thi 
shorter wavelengths, with de elopment of emission 


' 1 
wavelengths n The 


vellow-orange por 
6 indies iation in the spectral en 
ergy distribution o he emitted light for thre 
typical phosphors olors can be obtained by 
overcoating the lam] y this means an organic 


phosphor will give excellent reds) or by using phos 
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Figure 6. Variation in spectral energy distribution of 
emitted light for three typical phosphors. 


phors modified by the addition of selenium. These 
particular energy distributions are obtained with 
specific phosphors when the lamp is operated at 400 
eveles per second. As the alternating current fre- 
quency increases from 100 to 1000 cycles per sec- 
ond, the emitted light changes color, toward the 
blue end of the spectrum. At higher frequencies, 
there is little or no additional color change. In 
further discussion of lamp characteristics the be 
havior of green lamps will be indicated, since blue 
and yellow lamps generally show a parallel be 
havior, though with some minor variations. The 
surface brightness and total light emitted by an 
electroluminescent lamp are strongly dependent on 
frequency and voltage applied, as shown in Figs. 7 
and 8. It would be more precise, though less con 
venient in practice, to say that the brightness at a 
given frequency is determined by the voltage 
gradient or electric field between the two parallel 
electrodes In manufacture, electroluminescent 
lamps are designed to withstand a voltage either 
25 per cent above their rated voltage or 100 volts 
above rated voltage. Because of these two separate 
‘riteria, it is convenient to divide lamps into two 
classes, the first being low-voltage lamps for 120 
to 250-volt operation, where the safety factor de 
mands a rather low electrie field with consequent 
lower brightness: the second being high-voltage 
lamps, for operation above 400 volts, where a higher 
electric field is possible and where greater bright- 
ness results. Fig. 7 shows data for a low-voltage 
lamp, while Fig. 8 gives data for a high voltage 
lamp at selected frequencies. These curves of bright- 
ness can be represented by the equation 
B cf* exp bE*) 

where B is brightness in footlamberts; f is fre- 
quency in cycles per second; E is volts per mil of 


thickness; and a, b, and ¢ are constants dependent 
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Figure 7. 


on phosphor and dielectric properties (a is usually 
within the range 0.50 to 0.75 

The electroluminescent lamp has the character of 
a condenser, but with appreciable power consump 
tion. The power factor is the ratio of watts, deter 
to the product of 


volts and amperes, determined as root-mean-square 


mined on an electronic wattmeter, 


values. Because of the distortion of wave shapes 
phase-angle meters give unreliable results if used 


for measurement of the power factor of these lamps 


The usual lumped-constant equivalent circuit 
will not adequately describe the electrical proper 
both the 


resistance appear to be nonlinear 
shift of 


since 


ties of the electroluminescent lamp, 
capacity and the 


functions of voltage. Instead of a phase 


the current with respect to voltage as the power 


factor changes, a distortion of the current wave 


shape occurs, with the gradual appearance of a) 


in-phase current component as the applied voltage 
light output, 


nearly 90 degrees out of phase with the voltage 


is increased. The however, remains 
and shows no phase shift. 

Fig. 9 displays the current as a function of in 
stantaneous voltage. In this diagram the unshaded 
areas indicate the period when the lamp is absorb- 
while the shaded areas represent a re 
The resemblance to a B-H 
hysteresis loop obtained with magnetic materials is 
rather striking, though field limitation rather than 


current saturation occurs, in contrast to the flux 


ing power, 


lease of stored energy. 
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Figure 8. 


saturation at high field strengths evident with 


magnetic materials 


As an approximation, it is possible to consider 


lamp as a nonlinear im- 


an electroluminescent 


pedance, the relationship between current and 


being: 


I: ZV" % 


voltage 
2to 3 
The efficacy of the commercial electrolumines- 
ent lamp, when considered as a light souree, is rela- 
tively low. Commercial lamps will normally have 
efficacies of 1.0 to 2.0 lumens per watt in contrast to 
incandescent lamp efficacy of 10 to 20 lumens per 
watt and fluorescent lamp efficacy up to 75 or more 


lumens per watt. Design compromises can increase 


ee . 


Figure 9. Current as a function of instantaneous volt- 
age. Unshaded areas indicate period when lamp absorbs 


power, shaded areas represent release of storec energy. 
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ommercial efficacy to 5 lumens per watt if powe1 
limitations require this. By aecepting a low bright 


ness and designing for the voltage and frequency 


which will produce maximum efficacy, an electro 


luminescent lan p to produce 10 In 


mens pe r watt 


Power Supply 

For automotive applications, voltage is obtained 
from a transistorized oscillator which develops 200 
volts at 250 eyeles from the 12-volt d-ec system in 


the automobil The 200-volt. 250-eyel ratings 


were chosen because they give sufficient brightness 


and operating characteristics to satisfy the auto 
motive requirements 

Design criteria for this power supply ar Fr 
Stability of operation with varying input voltag: 


b) Frequency which will give high light output 


and still not interfere with any surrounding elec 


tronic equipment ; Minimum size and cost 


Two modes of Ope ration are possible The more 


common, a typici square wave switcher, gives es 


sentially a sg“uiare Wave and depends largely on the 


saturation of the iron in the transformer. Limita 


tions are relat low efficiency and the fact that 


In square eration the leading edge consists 


of many shi eaks which tend to break the lamp 


down and cat radio interference. This method 


was abandon 1 favor of a sine wave oscillator 


which is aA more efficient device be« iuse of its low 


Providn essentially a sine wave witl 


core losses 


no peaks, it causes no radio interference. By prop 


erly matching the transformer to the transistor, it 


is possible to double the power handling of the 


system over the square wave type of oscillator. A 


} 


carefully chosen airgap in the transformer gives a 


relatively high ‘*Q Two additional resistors ars 


emploved to stabilize the drive and to bias the tran 


sistor for starting. A frequency of 250 cycles was 


chosen to ep the frequency in the low audio r 


gion and to permit the use of readily-available cor 


materials. Over-all efficiency is over 90 per cent 


\ typical au supply has thes 


power 
characteristics e Fig. 10): With a nominal input 
voltage of 13.2-\ ec and a nominal dummy load 
having ; lance ; sk ohms and 65-degre¢ 

primary current is 
volts rms {0 volts 
irrent is 18 ma rms 


although the si abl delivering mucl 


more Short amps d- The 


supply will satisfactoril 
throughout 10.5-volt d-e to 
we from 7 


tween » cle 


In an oper 


ly strument Lightina 


a 
LW 


r 


/2 VAT Wom BATT. 


Q/-2N2Z42 
h/- 68 OWM S 


42 -/500 OHMS 


Figure 10. Transistor oscillator circuit. 





ating temperature range ol 20F to 
bient temperature 72F 

There are several possible approaches to the use 
of electroluminescence in automotive lighting. A 
first approach is to use flat panels themselves to 
floodlight the pointers and dials. This is similar to 
the present floodlighting techniques used except 
that the low brightness electroluminescence would 
ivoid the glare normally associated with point 
sources of light and give more uniform lighting 
\nother method is to make the dial an electrolu 
minescent lamp with apphed opaque numbers and 
letters. With this the numbers, letters, and point 
ers are seen in silhouette. A more satisfactory and 
dramatic approach is to light only the parts of the 
panel to be seen, the numbers, letters and pointers 
This satisfies the fundamental requirements for 
good panel lighting. The message is transmitted 
rapidly with no extraneous light and there is no 
elare associated with the panel. Since the driver is 
looking only at the letters, low brightness can be 
used so that he can adjust for driving conditions 
Circuitry is provided so that lighting level may be 
increased or decreased to suit individual needs 

Since the surface of the panel is completely 
lighted and it is necessary to mask out all but the 
letters and numbers, this mask or overlay must be 
attractive in the daytime. Furthermore, it must be 
opaque to eliminate all of the unwanted light from 
the electroluminescent source. To satisfy the day 
light requirements and also to harmonize with the 
olor scheme of the automobile, it is necessary to 
provide the correct overlay. The technique of using 
the overlay permits a wide variety of color selec 
tions, numbering and lettering schemes 

e were several instrumentation techniques 

had to be mastered in order to use electro 
lighting. Since the gauges are low 


scent 


instruments and the electroluminescent 
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pointer is heavier than normally used types, bal- 


ancing considerations required careful attention 
Since the pointer also becomes a light source, a 
flexible lead wire delivers power to the pointer so 
that it does not interfere with the normal function 
of the gauge. To further improve the conspicuity, 


red phosphorescent paint is sprayed on each 


pointer to give it a distinctive red color. Speed 
ometers are high torque instruments and can easily 
accommodate the electroluminescent pointer. The 
power connection to the speedometer pointer is 
similar to the gauge pointer connection. Clocks 
require special treatment. In this case the powet 
must be delivered to the clock hands which neces 
sarily rotate through 360 degrees many times. This 
is accomplished by the use of commutator rings 
Power is taken from the panel and delivered to the 
commutator rings of the hour and minute hands 
through small coil springs which also serve to hold 
the hands in place. The radio and switch title 
lighting is treated in a conventional manner by de 
livering power directly to each panel 

Shown in Fig. 11 is a picture of a 1960 automo 
bile instrument panel. This panel has several styl- 
ing and design features which have been made pos 
sible by the electroluminescent lamp. The astro 
dome with its cluster of instruments is the center 
of interest 

Absence of glare-producing extraneous light was 


Figure 12. Bottom view of inner dome, instrument 


cluster. 
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Figure 11. 1960 automobile instrument 


panel, 


essential in a design of this configuration. Further 
more, with electroluminescence, stray light from 
the edges of the dome is negligible. In fact, at night 
the dome is virtually invisible. 


A significant design feature can be appreciated 


by reference to Fig. 12 which shows a bottom view 


of the inner dome of the cluster. Since electrolumi- 
nescence is a cold lamp, which does not heat sur- 
rounding areas, the inner dome can be a single 
molded plastic piece 

Had the light sources contributed any consider- 
able amount of heat, the astrodome would have 
been an assembly of several metal and molded 
plastic parts. Obviously, the single molded part 
offers appreciable economy. 

Another design feature of the cluster is the man- 
ner in which the gauge pointers protrude from the 
inner dome. With its advantageous characteristic 
of avoiding extraneous light, electroluminescence 
facilitated a design which made possible the strik- 


ing nighttime appearance of the clear astrodome. 


The Future 

Electroluminescence makes a major contribution 
to the science and practice of instrument lighting. 
The science can be applied to each new automotive 
design so that the engineer may obtain the most 
suitable light and know what results he will get 
with the panel without trial and error placement 
of individual lamps. He now has complete control 
over brightness, color, light intensity, configura- 
tion and the electrical circuitry. More important, 
electroluminescence will give a wide latitude to the 
stylist of the automotive dashboard. It will permit 
the use of new shapes, configurations and lighting 
effects. 
chance to include new features on the dashboard. 


Furthermore, it will give the stylists the 


In the future, electroluminescence will not be 
confined to the dashboard. It will permit a host of 
other applications, beth in the interior and on the 


exterior of the automobile. 
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INSTALLATION AT FRANKLIN PARK, ILLINOIS 


Lighting a City Street 


LIGHTING OBJECTIVE: To provide good roadway illumination in a city’s business district to facil 


itate local pedestrian and vehicular traffic 


GENERAL INFORMATION: The curb-to-curb distance in this roadway installation varies from 40 to 
60 feet. The pavement is concrete. An underzround wiring system is provided throughout, con 


sisting of a three-wire 240 /480-volt system 


LIGHTING INSTALLATION: Line Material In lustries Line 1B (IES type IV) street lighting 
luminaires, each equipped with four 72-inch T-12 cool white high output fluorescent lamps, are 
used througcho the project. The luminaires are mounted at a height of approximately 30 feet on 
Americ onerete poles, which have two 
bracket spans (st “ig. ° A staggered arrang 

; to SU feet Is) User 
is arrangement and the \ 
the resulting average 


1.1 to 1.5 footeandles 


Lighting designed by Edwin Hancock Engineering Company, 
1409 W. Jackson Blvd., Chicago, III 


Lighting data submitted by Louis C. Odry, Line Material 
Industries, South Milwaukee, Wis., as an illustration 
of good lighting practice and to aid in the design of 
similar installations 


Published by the Publications Committee of the Illuminating 
Engineering Society, 1860 Broadway, New York 23, 
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Significant Advances in the Design of 
Non-Circular Cross-Section Fluorescent Lamps 


[ A PrRONIMATEL) three vears ago a radi 


cally new, non-circular cross-section fluorescent 
lamp was introduced. This lamp has been found to 
be particularly advantageous in many lighting 
fields due to its high efficiency and high light 
output per foot of lamp. With lower first costs for 
the lighting system as compared to other fluorescent 
installations, and with the same or lower operating 
costs, it is becoming a popular system for general 
lighting. Installations such as shown in Fig. 1 have 
proven the practicability of this lamp design in 
obtaining higher lighting levels along with good 
efficiency and long life 

This original non-circular cross-section lamp es 
tablished a plateau on which further developments 
in lamp performance could be applied. As always 
has been found to be the case with new design 


principles, further improvements are possible. In 


A paper presented at the Nationa Tee 
iminating Engineering Society, September 
» Calif AUTHORS Large Lamp Dept 
Cleveland, Ohic Accepted by the Papers Commit 


f the IES 


Figure 1. An installation in the 200- 
300 footcandle range. Worker effi- 
ciency is improved 10 per cent; spoil- 
age and minor accidents are reduced 
20 and 50 per cent. Only 3 per cent 
of the lamps had failed at 6000 hours 
of burning (16 hours per start). It 
is reported that the installation paid 
for itself in three months. 
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this case they have resulted in a non-circular T17 
lamp of modified design which operates on present 
1500 ma ballasts and, properly oriented, produces 
a 15 per cent increase in light output along with 
an 8 per cent increase in efficacy as compared 
with the original lamp. This has been accomplished 
by the application of the same principles that were 
brought out in the original paper.’ Summarized 
briefly, these are: 

1) Electron temperature is increased, resulting 
in more effective production of excited mercury 
atoms 

2) Voltage gradient is raised, making it possible 
at any given current to put more energy into the 
are, per foot of the lamp’s length, with increased 
efficiency as described below. 

3 Relative wattage expended at the electrodes 
is reduced for any given lamp current, or in other 
words, absolute electrode wattage losses are reduced 
at any given value of lamp wattage because of the 
resulting lower current. 


+) Opportunities for energy-dissipating proe- 


Aicher-Lemmers 





Figure 2. Comparison of are behavior in old and new 


lamp designs. 


esses TO occur are minimized because of the smallet 
oneentrations of both electrons and excited atoms 
Yet the effectiveness of production and delivery of 
the necessary 2537A radiation at the walls, is en 
hanced 

through elastic 


) The ratio of energy lost 


ollisions, to the energy (as 25O37A) received at th 


bulb wall is very appreciably reduced because of 


the use of fewer electrons at higher electron tem 


pe rature 


New Bulb Geometry 


is due largely 
ows the new design 
below. These are photo 
lamps and show the 

In the original lamp 

ircular cross-section approxi 

inches along the lamp’s length 

eight zones in 96-inch lamp These were neces 
sary to strengthen the bulb, but were undesirable 
Inasmuch as they were zones of reduced light out 
is suggested by the fainter appearance of 

If a groove could be placed in these zones, 


on the opposite side from the main grooves, both 


wattage and efficiency would be increased without 
impairing the ability of these zones to strengthen 


the bulb. New developments have now permitted 


forming grooves on both sides. In the new lamp the 
grooves on both sides are all equal in length, much 
shorter and more numerous than in the old design 
Shortening of the grooves has permitted reduction 
in glass thickness sufficient to reduce the lamp’s 
weight by 25 per cent, while maintaining the same 
strength 
Another very desirable feature of the larger 
number of grooves, alternating from side to side, 
is an inerease in length of the are stream as is 
readily seen here (Fig. 2). In a 96-inch lamp, there 
is approximately the equivalent of an extra foot of 
lamp length. This is highly desirable since it in 
reases lamp operating voltage, enabling wattage to 
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Figure 3. The very desirable shape of the cross-section 
of the many “transition zones” by which extra are length 


is achieved. 


increased without increasing current. This longer 
are length makes effective use of the very efficient 
transition zones’? which more fully utilize th 
advantages of non-circular geometry in making the 
are go from grooves on one side to grooves on the 


other. Fig. 3 shows the shape of the transition zone 


cross-section in which the are behaves much as if 
it were in the very desirable oval-shaped bulb 
These regions are so designed that the are remains 
stably in the central space. The presence of th 


enlarged portions at the ends of each such cross 


section provides the necessary I-beam type strength 


ening of the lamp 

The cross-section of the groove has been changed, 
as will be seen in Fig. 4. This shows, to seale, the 
earlier design on the left, and the new shape on the 
right. The new design of groove is more open and 
allows more light to eseape directly than was pos 
sible with the previous design, as indicated in the 


figure 


| 


Figure 4. Shape of cross-section of main grooved por- 


tion in original lamp (left) and improved lamp. 
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Factors Affecting Wattage 
By itself, this more open are space tends to re 
duce lamp wattage, but this effect is more than 
offset by a combination of factors that increase 
lamp wattage. One such factor is the previously 
mentioned very effective utilization of a longer are 
Another factor is the reduced mercury vapor 


pressure, made possible by the presence of specially 


designed portions of the bulb. Although the degree 
of reduction realized has practically no effect on 
luminous efficacy, it increases wattage of the lamp 
without raising starting voltage. This reduced 


mercury vapor pressure warrants considerably 
more discussion, first from the standpoint of the 
method of its attainment, and later, as it affects 


lamp measuring procedures. 
Methods of Controlling Mercury Vapor Pressure 

If one groove is made slightly deeper, and asym- 
metric as in Fig. 5, and the lamp is operated with 
the sharper portion of this groove down as shown, 
the are, in following the path of least resistance will 
go through the more open portion at the top. The 
normal circulation of cool air upward past the 
sharper portion, along with absence of the are from 
this part of the cross-section maintains a tempera 
ture of approximately 40C at this point under 
standard test conditions. 

Since, in an a-e discharge of this type, the mer- 
cury has a slight tendency to migrate to the center, 
the temperature control zone (the asymmetric 
groove) was placed near the center to take advan 
tage of this phenomenon. The lighted appearance 
of the asymmetric control zone is so nearly like 
that of the rest of the lamp that it is virtually 
unnoticed. The lamp could, therefore, be installed 
so that this groove is upside down, rendering it 
ineffective. To prevent this difficulty, a similar, but 
reversed zone is also provided nearby, on the oppo- 
site side, so that one properly operating control 
zone will be present regardless of the orientation of 
the lamp as long as the lamp is in a substantially 
horizontal position. The cool zone contributes to 
the increased wattage of the lamp by providing a 
minimum bulb temperature closer to the optimum 
value for light output than in the case of the 
earlier design. In addition it provides suitable 
mercury temperature control without the presence 
of a portion of the lamp’s length having reduced 


wattage or luminous efficacy, as in the earlier lamp 


Summary of New Lamp Design Parameters 

1) The bulb strengthening zones which had a 
circular cross-section in the earlier lamp have been 
changed in a manner which improved the lamp by 
simultaneously increasing both wattage and lumi 
nous efficacy. 
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Figure 5. Comparison of normal groove cross-section 
shape with that of the mercury control zone (at right) 
by means of which mercury vapor pressure is maintained 
at a desirable value without a loss of lumens or of 
luminous efficacy. 


2) Use of shorter grooves, on opposite sides, has 
permitted reduction of bulb weight by 25 per cent, 
while maintaining strength 

3) A change in cross-section shape has further 
raised luminous efficacy by facilitating escape of 
light. 

4) By proper design of two of the grooves, 
almost invisible mercury control zones have been 


established. 


Effect of Temperature on Performance 


The effect of temperature on the performance of 
this new lamp is of importance. As with all fluores- 
cent lamps, and especially with those that are 
highly-loaded, the electrical characteristics are very 
much a function of the mercury vapor pressure 
within the lamp. Fig. 6 shows relative wattage, 
values of a 96-inch 
linear choke, 400- 
temperature of the coolest 


light and luminous efficacy 
lamp operated at 1.5 amperes 
volt circuit) with the 


sO; Tt 
| 
+ 
eo 3 — n ‘ 
10 20 30 40 
COLO SPOT TEMPERATURE, *C 


Figure 6. Relative light, wattage and luminous efficacy 
characteristics of the 96-inch lamp as a function of cold 
spot temperature. 
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spot controlled at various temperatures between 
15 and 60C 
this cold spot 


All liquid mercury was condensed at 

a condition that ultimately prevails 
in burning). The 100 per cent point was taken at 
40C, which is the control spot temperature that is 
attained under the industry standard photometric 
conditions of still air at 25C (77F The actual 
values at this rating point grooves sideways are 
175 volts, 215 watts, 15,000 lumens and 70 lumens 
per watt. It will be seen that light and wattage are 
affected together so that luminous efficacy remains 
above 95 per cent of rated value for control spot 


temperatures between 28 and 60C 


Evaluation of Performance 


In doing development work on a new lamp of this 
type it 1s necessary to make precision measurements 
of lamp performance. It has been found necessary 
to operate the lamp long enough so that all liquid 
mercury collects in the coolest part of the bulb for 
the particular lamp position and environment 
under test. It cannot be determined by visual in 
spection whether all of the mercury has migrated 
to the cold spot. If all of the condensed mereury 
is not at the cold spot the lamp will not be com 
pletely stabilized. Lack of such complete stabiliza 
tion, although important in making precision meas 
urements, is not even noticeable in a customer's 
installation, since it affects lamp wattage and light 
by only a few per cent under normal ambient 
eonditions. It is reasonable to expect that upon 
overnight burning, randomly placed mercury will 
condense temporarily in the cool areas associated 


With the lamp 


operated in 77F still air and with the grooves side 


with the many normal grooves 
ways, wattage and lumens reach 95 per cent of th 
stabilized value. With grooves facing up and down 
the value is about 90 per cent. Upon longer burn 
ing, this temporarily located mercury will move to 
the true control area where the full rated perform- 
ance is obtained with grooves sideways and approxi 
mately 95 per cent of this value with the lamp 
turned on its axis 90 degrees. It should be empha 
sized that lamp efficacy does not fall more than 
1.5 per cent under the worst of any of the above 
conditions. 

If drafts are present, some other portion of the 
bulb may control the mercury vapor pressure, and 
this condition does not necessarily result in a less 


desirable performance It does mean, however. that 


lamps completely stabilized under one set of am- 


bient conditions may not necessarily provide stable 
performance immediately after transfer to other 
ambient conditions 

of 


i 


No single figure can be given for the length 


time required for true stabilization because of the 
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numerous factors which must be considered. These 
are: 

1) The amount of mercury to be transferred, in 
the vapor phase, to the control spot. 

2) The distance the mercury must be moved in 
arriving at this control spot. 

43) The difference between vapor pressure of the 
mercury in the warm and in the cool portions. This 
involves not only the difference in temperatures, 
but also the actual temperatures for any given 
differential. 

For example, a lamp in which a small amount 
of mercury has to move only a few inches to the 
cold spot, if burned in a warm ambient, may 
adjust in a few hours of burning. A typical time 
required for initial stabilization under standard 
rating temperature conditions may be about 150 
hours. It is very useful in measurement work, to 
elevate the temperature of all parts of the lamp, 
except the mereury control area, by suitable cover 
ing or jacketing to hasten the adjustment process 

Mercury droplets condensed under usual condi 
tions are generally numerous and quite small and 
adhere well to the coating, so that the lamp can be 
moved for measurement if handled carefully. Loeal, 
forced cooling at the cool spot by means of contact 
with a piece of metal conforming to the shape of 
the bulb and contacting it over an area measuring 
approximately 1- x 1-inch is also effective. A very 
simple and satisfactory procedure for determining 
whether a lamp is completely stabilized is to cool 
it with a piece of ice in the small area where 
If all of the liquid mercury 
is properly collected, the lamp’s light will rise 


mereury has collected 


slightly at first and then will fall off severel\ 
within a short time due to mereury starvation 
After removal of the ice full recovery occurs just 


as rapidly. If only a relatively small change occurs, 


there is still liquid mereury not vet localized in 


the cool spot. 


Lamps and Ratings 


As in the ease of the earlier lamp, this one is also 
a rapid-start type. These are available in 48-, 72- 
and 96-inch lengths, at present, in the standard cool 


white color. With this new design, employing the 


TABLE I — Comparison of Three Non-Circular Cross- 
Section Fluorescent Lamps. 
mp Length (Inche 45 
val Grooves 18 
Circuit Voltage 300 
Lamp Current, Amperes 1.50 

Lamp Voltage a5 
Lamp Wattage 110 
Lumens at 100 Hours 6900 
ens Per Watt at 100 Hours 63 


14 grooves or ne side, 15 on opposite 
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Figure 7. Light distribution pattern of the new lamp. 


shorter groove length, exactly the same geometry 
has been used in all sizes except for lamp length 
All three sizes have the previously mentioned two 
potential control areas, separated by two regular 
erooves. Table I summarizes characteristics of the 
three sizes, measured on a sine wave supply with 
linear reactor ballast but without separate heating 
of the cathodes at the time of measurement. Most 
recent measurements indicate that the 48-inen lamp 
operates at 112 watts, yielding over 7000 lumens, 
and that the 72-inch lamp operates at 162 watts, 
yielding 11,000 lumens. 

This new lamp produces a symmetrical ‘‘two- 
way’’ light distribution (Fig. 7) very similar in 
shape to that produced by the original lamp. This 
directional distribution permits the designer of a 
fixture to position the lamp in the orientation which 
is best for that particular fixture. Basing is the 
same as for the previous lamp, and in existing 
installations the grooves on one side face the same 
direction as before. For best lamp light output the 
grooves should face sideways as has been mentioned 
Obviously, in new luminaires the sockets or lamp 


holders may be positioned as desired, considering 


the light output of the lamp-luminaire combination 


Summary 


The extension of the original principles of non- 
circular fluorescent lamps by means of the im- 
proved bulb geometry has resulted in a further 
increase in light output and luminous efficacy, while 
at the same time reducing lamp weight. 

The improved lamps will contribute greatly 
toward making it easier to obtain the higher levels 
They will 


vive the user greater value, and contribute to the 


of illumination recommended by I.E.S 


forward progress of lighting 
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DISCUSSION 


The ‘ lesign of modified non circular 


] . ; 


cross-section lamps ss Hs o reduce thi ight produc 


effectiveness 0 e groo portions of the lamp and 
prove that of transition zones. Since transition zones 
original design were ! tive short, it 1 

where a net gain in lumen output is obtained. 

In comparing the new lamp with the original, the question 
arises whether the increase in positive column wattage is not 
a result of th ee ion in mereury temperature obtained 
by the use of 1 irs outrol zones rather than the increased 
are length of large f ive diameter. In other words, is 
the positive column efficacy of the new lamp greater than 
that of the old when mereury temperature is 40C in both? 
The authors show that luminous efficacy is optimum at 
approximately 40C cold spot temperature (Fig. 6). I would 
like to ask if this maximum coincides with a still air ambient 
temperature of 77F Our measurements indicate that the 
ambient must be somewhat below 77F to obtain rated lamp 
wattage 

There is no word of lumen maintenance. Will the new 
design materially help ‘ imp’s maintenance problem? 

The modifications of the lamp have produced interesting, 
if not startling resu the light sourece’s appearance. It 
seems that gains are ing made 
efficacy. 


eontribute to better | 


in the direction of improved 
However, it btful whether the new souree will 
maintenanes better utilizatior 


of light output. 


P. WAKEFIELI This paper is of considerable interest 
as it represents something new in lumen generation—th« 


basis of our prof ol [wo questions in 


I general field 


tubes 


of maintenance and ped sectional 

l In maintenance, i here field experi to possibly 
justify the extra cleaning time required for ese tubes vs 
improved efh« yY gained b ising non-<« tubes. This 
may not be the intended p f . but the subject 
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INSTALLATION AT HANSCOM BROTHERS, INC., PHILADELPHIA, PA. 


Lighting a Bakery Shop 


LIGHTING OBJECTIVE: vo provide general illumination in an attractive manner for the merchan- 


dising of baked goods and candies 


GENERAL INFORMATION: In this store the total floor space of approximately 1000 square feet is 
used for merchandising. The area is 26 feet by 384 feet with a ceiling height of 8% feet. The 
front (shown in the right background above) and one side wall (center background) are glass 


window displays. Colors and reflectances of the major room surfaces are: 


floor terrazzo 
columns rose and 


yellow green 


INSTALLATION: An average level of illumination throughout of 100 footcandles is provided by the 


following luminaires, manufactured by Pittsburgh Reflector Co. : 


6-catalog No. SS-84840 surface-mounted 4-foot square fluorescent units, each equipped with eight 
40-watt T-12 cool white rapid start lamps. These are spaced as shown in Fig. 2. (Marked A) 
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Lighting a Bakery Shop (Continued) 
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20-catalog No. 85-4 recessed asymmetric reflector units with hinged ceiling roundel, each equipped 

with one 150-watt A-23 incandescent lamp. These are symbol B in Fig. 2 
catalog No. E-220-4 recessed symmetric reflector units with hinged ceiling roundel, each equipped 

with one 200-watt incandescent lamp. These are symbol C in Fig. 2. 
E-230-4 otherwise as directly above but equipped with one 300-watt incandescent 
are symbol D in Fig. 2 

(-100-5 recessed symmetric reflector units with hinged concentrie louvers, each 
with one 150-watt incandescent lamp. These are symbol E in Fig. 2. 


[-100-5 otherwise as directly above. These are symbol F in Fig. 2. 


f illumination readings were: 


Lighting designed by Arthur V. Schafer, Philadelphia Electric Co., Philadelphia, Pa. 


Lighting data submitted by Arthur V. Schafer and George T. Anderson, Jr., Philadelphia 
Electric Co., Philadelphia, Pa., as an illustration of good lighting practice and to 
aid in the design of similar installations. 


Published by the Committee on Publications of the Illuminating Engineering Society, 
1860 Broadway, New York 23, N. Y. 


Series XXIV 
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External Control of 


Mercury Pressure of Fluorescent Lamps 


and its Application to Luminaires 


Fluorescent Lamp Operation 


Light output and performance of a fluorescent 
lamp vary with the surrounding ambient tempera- 
ture. This is the result of a change in mercury 
pressure within the lamp. This pressure is deter- 
mined by the coldest point on the bulb wall. 

In fluorescent lamps, it is essential to have a 
smali amount of mercury. During lamp operation, 
mercury is excited by the action of the are and 
emits 2537 angstrom radiation, which, in turn, ex 
cites the phosphor crystals to emit visible light. It 
is not necessary here to cover this process in detail, 
since there are many good references covering the 
operation of fluorescent lamps.’ 

Mercury pressure within the lamp is determined 
The effect of 


characteristics, and 


by the coldest point on the bulb wall 
mereury pressure on lamp 
means of changing them by varying the tempera- 
ture of the coolest point on the bulb wall. will be 
considered. 

Bulb wall temperature is influenced by lamp 
loading, bulb configuration, luminaire design, am 
bient temperature and draft conditions. In many 
eases more compact luminaires and higher foot- 
eandle levels and other new concepts in lighting 
have raised ambient temperatures in the vicinity of 
the lamps. 

Fig. 1 shows the variation in lamp characteristics 
as the temperature of the cold spot is changed. The 
eurves shown are for a highly loaded lamp operat- 
ing at 1.5 amperes constant current. It should be 
kept in mind that there will be minor variations in 
these curves depending upon the ballast 
whether primary voltage or lamp current are held 
constant, and the lamp type involved. These curves 
do show that lamp lumens and luminous efficacy 
peak at about 90-100F, and that volts and watts 
peak slizhtly lower, at about 85-90F, cold spot tem- 


used, 
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By P. J. UNDERWOOD 
Cc. E. BECK 


This paper outlines the results of an investiga- 
tion into a simple means of obtaining external 
control of mercury pressure of fluorescent 
lamps and how this method can be incorporated 
into new luminaire designs to increase light 
output, when the lamps are operated in higher 
than the normal ambient temperatures. Simple 
low cost cooling devices designed into lumi- 
naires were found to reduce effectively the 
mercury pressure, with gains of 8 to 18 per 
cent in light output in recessed troffers (for 
example) having ambient temperatures around 
the lamps of 112-140F. 


peratures. At these cold spot temperatures, mer- 
eury pressure in the lamp is about 3-6 microns. At 
higher or lower mereury pressures the decrease in 
light output is substantial, falling off more sharply 


on the low pressure side of the peak 2.3.4.5 


iENCY 


AND eFFIC 


MERCURY PRESSURE IN MICRONS 


OF MAXIMUM! VOLTS .WATTS,. LIGHT 
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Figure 1. Lamp characteristics versus cold spot tem- 


perature of a highly loaded lamp at 1.5 amperes current. 
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Figure 2. Light cutput versus ambient temperature of a 


96T12 lamp at various currents. 


Possible Per Cent Light Output Increases at 


TABLE I 


Various Ambient Temperatures, 


Current— 


Amperes 100F 


i 11 


In operation of conventional round lamps, 96T12 
high output, for example, the coldest spot of the 
lamp is the bulb wall at approximately the center 
This temperature rises with the increased lamp 
loadings 

Fig. 2 shows the light output curves versus am- 
bient temperature for an F96T12 lamp operated in 
still air at different currents. The increase in cur 
rent to the lamp has the effect of shifting the peak 
light output to lower values of ambient tempera 
to the lamp raises 


tures as the increased wattage 


the bulb wall temperatures. If these lamps are op 
erated in enclosed luminaires at room temperature, 
the bulb wall temperatures will rise and the light 


output will deerease the eurves are 





+ 
BULB WALL PROTRUSION 


ARETE 


“HAMBERS AND SHIELOS 


CONSTRICTED CROSS SECTION 
(meRCURY CONTROL) 


NORMAL CROSS SECTION 


SPECIAL FORMED BULB SHAPES 
Figure 3. Methods of mercury control through lamp 


design. 


{s Vercury Pressure of F Lamps 


I ndeé rwood Be ch 


shifted to the left. Drafts or forced air circulation 
around the lamps cool the bulb wall, shifting the 
curves to the right, the peak light occurring at 
higher ambient temperatures. 

From Fig. 2 it can be theorized that apprecia- 
ble light output gains can be made at the ambient 
temperatures shown in Table I, if the mercury pres- 


sure is kept at the optimum for the lamp 


Mercury Pressure Control— 
(Through Lamp Design) 

Lamp manufacturers have recognized the impor- 
tance of mercury pressure in fluorescent lamps and 
have designed lamps to give close to the maximum 
light output and luminous efficacy under the stand- 
With the trend 


to very highly-loaded lamps, special means of con- 


ard test conditions of 77F still air 


trolling mereury pressure have been developed as 
part of the lamp. Fig. 3 shows some of the methods 
employed by various lamp manufacturers. 

These lamp designs result in a portion of the 
bulb wall operating at a temperature which is 
lower than that of the rest of the bulb wall. This 
cold spot operates at a temperature, which gives 
close to optimum under the 


mereury pressure 


standard conditions 


Mercury Pressure Control by Other Means 


When fluorescent lamps are operating in am- 
bients which cause higher than optimum mercury 
pressure, external means can be used to cool a por 
tion of the bulb wall to a temperature which will 
give higher light output. Almost any heat transfer 
method can be uesd to produce localized cooling 
Several possibilities are: 

Air Jets 

Fans and air conditioning 

Evaporation condensation cycle devices 
Cooling coils 

Peltier thermoelectric effects 

While all of the above methods are possible and 
yield the same ultimate results, this investigation 
dealt primarily with what appeared to be the sim- 
plest method. Many of the above methods were in- 
vestigated and have been used to advantage, but 
studies indicated that a fairly simple approach to 
the problem might be the use of conduction 
methods 

The first investigation was the use of a metal 
shoe in contaet with the bulb wall. The metal shoe 
transferred heat from the bulb wall to a fin which 
is cooled by air. This combination of shoe and fin 
will be referred to as a ‘‘sail.’’ 

Fig. 4 shows the light output curves for an 
F96T12 high output lamp operated at various cur- 
rents with and without a ‘‘sail,’’ in still air at an 
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Figure 4. Relative light output versus current 


96T12 lamp operated with and without 


sails”, 


ambient temperature of 77F. At each current, the 
‘*sail’’ design was such as to result in approxi 
mately maximum light output 

For example, an F96T12 high output lamp oper 
ating at 800 ma in 77F still air showed an increase 
of 6 per cent when a ‘‘sail’’ was used to cool a point 
on the bulb wall 

The above data indicate that when fluorescent 
lamps are operating at higher than optimum mer 
cury pressure, due to high loadings or high ambient 
temperature, the ‘‘sails’’ are effective in obtaining 
higher light output. Therefore, the next phase was 
to evaluate ‘‘sail’’ sizes, geometry and materials 
Specifications for ‘‘sails’’ are hard to give in detail 
because of the wide variation encountered in service 
conditions of ambient temperature and draft con 
applicable 


ditions. However, some results are 


**Sail’’ Material 

Copper has the advantage of having the best heat 
conductivity of common metals; aluminum is next, 
having about half the conductivity of copper, but 
being much lower in cost. Steel was also tried. but 
since its thermal conductivity is only one-fourth 
that of aluminum, it gave poorer results. Fins and 
shoes of aluminum or copper were both good and 
gave about the same performance 

Coatings on the surface of the fin were also var 
ied, from a polished chrome plate intended to re- 
flect radiation that might raise the fin temperature, 
to a black painted fin intended to increase the 
efficiency of radiation. Little difference was found 
in these, and there seems to be little preference in 
surface coatings. 
Fin Size 

The fins must be large enough to transfer heat 


absorbed from the contact shoe to the surrounding 
air with only a small temperature rise above am- 
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bient. Since this heat is transferred mainly by 
convection, the size of the fin is dependent upon 
possible air circulation around it. In open air 


thick 


fins with areas from 3 to 16 square inches were 


for a highly-loaded T12 lamp, 1/32-inch 
tested, and a minimum area of about 7 square 
inches is recommended, althought here may be some 
use for even smaller areas, especially if there is 


vood air circulation around the fin. 


Nhoe Size 

As the shoe must transfer heat from the bulb wall 
to the fin with little temperature differential, it 
must be of reasonably large cross section and must 
fit the contour of the bulb. There must be little 
temperature differential between all parts of the 
‘*sail’’ and the bulb 
shoe must be large enough to allow mereury to con- 


Furthermore, the area of the 


dense in a thin layer, but not so large as to obstruct 
undue light. 

Shoes selected for test had areas contacting the 
lamp 14-inch wide and 1-inch long, also 44-inch 
and were 14-inch thick. A 
shoe 14-inch wide was satisfactory, but had a tend- 
A shoe 14-inch wide fitted 
Shoes wider than 


wide and 1-inch long. 


ency to tilt on the lamp 
against the bulb wall more firmly 
\4-inch introduced the possibility of poor contact 
due to bulb variations 


‘*Sais’’ (Shoe and Fin Combination) 

Some examples of the types of ‘‘sails’’ tested are 
shown in Fig. 5. It is essential that the shoes seat 
firmly, fit the contour of the bulb and be held se- 
spring tension. There is no 


curely in place by 


reason why these ‘‘sails’’ cannot be designed to be 


unobtrusive and an integral part of the luminaire. 


*Sail’’ Position on Lamp 

In applications where open top luminaires are so 
mounted that there is air circulation around them, 
it may be desirable to mount the ‘‘sails’’ on top of 


the lamp. Therefore, some tests were conducted 


Figure 5. Some of the “sail” types tested. 
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with ‘“‘sails’’ mounted in this manuer, indicating 


that they were effective in controlling mereury 


pressure. However, as the air is usually slightly 


warmer at the top of the luminaire, there is some 


advantage in placing the ‘‘sail’’ below the lamp. 


Stabilization of Lamps with Cooling Devices 


When cooling devices are first used on a fluores 
cent lamp, an initial stabilization time will be re 
quired for the excess mercury to migrate to the cold 
spot or shoe area. This initial stabilization time, 
which may take many hours, depends on lamp load 
ing, temperature differential within the lamp, and 
Most 


sails’’ will stabilize ini- 


initial mereury distribution and quantity 
lamps when operated with ‘ 
tially in approximately 24 hours. The restabiliza- 
tion time after the lamp has been turned off over 
night oceurs fairly rapidly—in approximately 30 


minutes or less. 


Effectiveness of ‘‘Sail’’ Design 


To check the effectiveness of a ‘‘sail’’ design the 
luminaire should be operated until reasonably sta 
ble from a temperature standpoint, then a light 
output reading obtained without the use of the 
‘sails.”” The ‘‘sails’’ should then be put in place 
and the luminaire operated under comparable con- 
approxl- 

After 
this stabilization period, a light output reading can 


ditions until the lamps are stabilized 
mately 24 hours as mentioned previously 
be obtained, and compared with the reading with 
out the ‘‘sail’’ in place 
To determine if a ‘‘sail’’ is functioning properly, 
the fin ean be cooled by a blower, ice, or any other 
means. If the ‘‘sail’’ is effectively reducing mer 
cury pressure, the light output will rise as the fin is 


} 


cooled, go through a peak, then drop off rapidly 
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Figure 6. Spring-loaded louvers with cooling contacts; 
section through center of luminaire. The rest of the 


louvers are normal. 
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Figure 7. Effect of cooling louver blade on light output 
96T12 high output lamp at 1.5 amperes, 80F room 
temperature. 


light recorded is the maxi- 


mum which could be obtained with any ‘‘sail”’ 


The peak value of 

or cooling condition. This will also determine 
whether a ‘‘sail’’ design can be improved. For ex- 
ample, it may be desirable to reduce the size of the 
fin to give peak light output. The result would be 
operation at a slightly higher mercury pressure 
This would compensate for unusual draft condi 
tions or slight reductions in ambient temperature 
which could result in overecooling and fall off in 
light output. 


Application of ‘*Sails’’ to Luminaire Design 


l'rom the above studies on external cooling de 


vices, there were indications that ‘‘sails’’ could 
most practically be incorporated into new luminaire 
Two spring loaded louvers were designed 


designs 


to act as ‘‘sails.”’ These were incorporated into a 
typical suspended luminaire of open-top design 
using 96T12 high output fluorescent lamps (see 
Fig. 6). The 


louver blades. 


**sails’’ took the place of two of the 

Since the effect of mereury control is easier to 
evaluate at high loadings, the 96T12 high output 
lamps were operated at 1.5 amperes, almost double 
their normal current. Tests were conducted on 
this luminaire at normal room temperature and 
draft conditions. Fig. 7 shows the restabilization 
for the lamps in the luminaire, with and without 
the cooling device. The curves show 17 per cent 
gain in light output when the cooling louvers are 
in operation. When the same luminaire was oper- 
ated in a higher ambient of 100F, the light output 
gain was approximately 25 per cent (see Fig. 8 
Tests were also conducted at normal current. 

Fig. 9 shows a view of an office lighted with 
96T12 high output lamps used in open top lumi- 
‘sails’’ 


naires in which have been incorporated. 


Data were taken over a two-week period with the 


lamps operating both with and without ‘‘sails,”’ in 
a room temperature of approximately 80F. An av- 


erage gain of eight per cent in output was obtained 
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Figure 8. Effect of cooling louver blade on light output 


96T12 high output lamp at 1.5 amperes, 100F room 
temperature, 


Recessed Luminaires 


The gain in light output shown for a suspended 
open-type luminaire indicated it would be desirable 
to explore a recessed type where the heat around 
the lamps would be more confined Obviously, 
there are so many variables in conditions of instal 
lation for recessed luminaires that it would be ex 
tremely difficult to determine what might be con 
sidered a typical cavity temperature. The main 
interest is the air temperature in the viciinty of the 
lamps. This is also difficult to predict 

The purpose of this test is to indicate direction 
rather than devote the time required to test a nun 
ber of luminaire types in various cavity sizes, mat 


rials. ete Therefore. a completely enclosed troffer 


Figure 9. View of office lighted with 96T12 high output 
lamps in open top luminaires equipped with “sails”. 
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Figure 10. 96T12 two-lamp enclosed troffer mounted in 


simulated ceiling cavity. 


was selected for test purposes. This luminaire was 
mounted in a simulated ceiling cavity as shown in 
Fig. 10 The box or 


equipped with heating elements so that the tem- 


cavity was designed and 
perature could be varied over a range. The air 
temperature around the lamps was then recorded 
by means of thermocouples. 

Two 96T12 slimline lamps were used in an en- 
The cooling ‘‘sail’’ designed 


in Fig. 11. It 


the junction of two enclosing glass covers. The 


closed recessed troffer 
for this unit is shown was located at 
‘*sail’’ was so designed that the cooling shoes con- 
This 


however, it is 


tacted the lamp and held the fins in place. 
was satisfactory for test purposes; 
not suggested as a means of design of an actual 
luminaire.) The fins projected approximately 11% 
inches below the glass covers. 

The room ambient was maintained at 80F and 
the temperatures within the simulated cavity were 
controlled from 90-140F 
light output and air temperature in the vicinity of 


For comparison purposes, 


the lamps were recorded with and without the 


in place. These results are given in Fig. 12. 
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Figure 11. Design of cooling “sail” used in enclosed 
troffer test. (Notes: Two blades—one for right lamp, 
one for left lamp. Spring action pushes cooling shoes 


outward against lamps.) 
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Figure 12. Relative light output versus ambient tem- 
perature around two 96T12 slimline lamps operating 
with and without a “sail” in an enclosed troffer. (Series 


sequence ballast with primary voltage held constant.) 


In this case the light output was increased over a 


range of 8-15 per cent 


Use of External Cooling Devices 

It is not the intent of the authors to recommend 
the indiscriminate use of cooling devices on existing 
installations. Our major purpose is to present in 
formation so that s ‘viees can be properly ad 
luminaires to 


obtain higher light output where higher ambient 


signed and ineorporated into new 


temperatures around the lamps prevail. On the 
other hand, indiscriminate use of external cooling 
devices such as those described might result in the 
following unfavorable operating conditions unless 


proper precautions are taken 


Lamp Breakage 
Lamp manufacturers have discouraged the pra 


ice of having anvthing touch the surface of any 


amp while it is In operation. On fluorescent lamps, 


the major concern the damaging of the glass sur 
Hlowever, if the cooling device is built into 


luminaire ur taken to prevent exces 


1inst the lamp, lamp contact with 


sive pressure a 
rough or sharp surf: cooling shoes which 


snap against the lamp when it is put in place 


Low or Moderate Temperature Locations 

The use of ‘‘sails’’ in low or moderate tempera 
ture locations ce | in over-cooling of th 
lamp. This wouk - course, be dependent on lumi 
naire design and the wattage in ‘orporated into it 


f 


It is therefore essential that the type of lamp, 


luminaire and surrounding ambients be considered 


tor efts tive use of external ooling devices 
Ballast Temperatures 
Since the use of ; ernal cooling device may 


raise the lan ambient ten perature in 


the lamp ca It is therefore con 


of KF Lamps 


ceivable that ballast temperatures would be affected 


This is another factor which requires consideration. 


Summary 


It has been shown that under some conditions of 


operation the mercury pressure in fluorescent 
lamps may be high enough to result in decreased 
light output. Simple low cost cooling devices can 
be designed into new luminaires to effectively re- 
duce mereury pressure. For example, gains of 8-18 
per cent were obtained in an enclosed recessed trof 
fer for ambient temperatures around the lamps of 
112-140F 

A cooling device can consist of an aluminum 
The shoe should be ap- 


proximately 4s-inch wide by l-inch long and 1, 


shoe and fin combination 


inch thick, and the fin approximately 1/32-inch 
thick with a minimum area of 7 square inches. 
The intention of this work is to point out some 
results from external cooling devices as a means of 
obtaining gains in light output for fluorescent 
lamps operated in the higher ambient temperatures 
While the cooling devices are simple, the conditions 
of operation and installation as well as luminaire 
design must be taken into account in applying them 
Experience indicates considerable ingenuity and 
test work may be necessary before ariving at a new 
luminaire design for a particular condition of op 
the gains in many eases would 


eration. However, 


make it worthwhile 


References 


] Forsythe and Adams Fluorescent and Other Gaseous Discharge 
Lamps, Murray Hill Books, Inc., 1948 
Forbes, J. C. and Diefenthaler, R. J Effect of External Factors 
Light Output of Fluorescent Sources,” ILLUMINATING ENGINEXR 
XLI, No. 10, p. 872 (December 1946 
Ww Effect of Temperature on Electrical and Color 
4O0OWT12 Fluorescent Lamps,” ILLUMINATING ENGI 
XLIX, N 5, p. 237 May 1954 
M Effect of Ambient Temperature on light Output 
Lamps ILLUMINATING ENGINEERING, Vol. XLVIII 
December 195 
Effect of Bulb Wall Temperatures on Fluores 
rs ILLUMINATING ENGINEERING, Vol. LI 


1956 


DISCUSSION 


VE The work reported in this paper is 
commendable for several reasons. Possibly the most salient 
is the opportunity shown for fixture and lighting systen 
lesign for improved efficiency The data confirm the ob 
servation that some ompact fixture designs incorporating 
the best components may have a smaller lumen output than 

ss compact fixture design using marginal components, 
such as ballasts of a lower light output rating. 

The authors’ advice against the indiscriminate use of 
sails is quite appropriate and might indicate that their us 
should be limited to specific installations where the am 

ent eonditions warrant them 

possible methods of controlling the eold spot tem 
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erature are listed. For open and louvered types of fixtures, 


the sail method should be the simplest and least expensive 


oS 
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however, the other possibilities should not be overlooked 
Sail cooling may be difficult to apply in enelosed flush 


mounted or recessed fixtures, and it would seem that in these 


is 
o 


pple itions, cold spot eontrol would show the 


lue to the usually higher lamp compartment 


r cooling 


perature, For thes ipplications, mir je 


= 
So 


cols might be the best solution An additional gain could 


be made using one of these methods in such a manner that 





S 
S 


they could be used to dissipate ballast heat as v is lam] 


} ‘ 
ballast Ife 


heat, thereby increasing 


| have one question lo what extent, if 


fo] 
o 


rmal photometric procedure neluding ti 


changed to make sure that the efficiency 








observed when the output of a cture equippe 


s to be me red 


RELATIVE LIGHT OUTPUT % OF STABLE VALUES 


Oo 


0 20 3 40 50 6 7 
TIME IN MINUTES 


L. AM * While gener ; . , 
Figure A. Light output vs. time. Extra high output 


effect of ambient temperatur 


, blished lamp in enclosed street light. 
mps has been publishes 


sharper focus the need 


’ vledg } } et ( t ‘ rhe 
more kKnowtled m the sub jee ertainiyv, " . 
iowledge « } t the point on tl amp where } oolest spo normally 


mps d greater numbers of mps per fixt ’ . 
. aay - ' , . t This would be at the mi f the imp in those eases 


ins of achieving the S footeandl recommen , 
om achieving e II and : here the lamp manufacturer has made no effort to produce 
! ethods to obt I igl light output fron imp ] : ' : 

a.m un higher lig Our} cool spot at another location and would be the location on 


most weleome by t ghting industry } 

! ‘ ’ he ng indu ther lamps where the lamp n ifacturer has designed the 
rr commereia pn ! ; ! preference spot to exist 
ing-mounted luminaires appears to | 


z re OF . . , Much of the data in thi ape! ive been taken with the 
oom ambient is 75F. the ter erature at the " T1090 ’ 
foo Sau F, th a of 96T12 lamps operated at approximately double the 


be around SOF, The temperature inside ct ed current. The results of such tests serve only to show 
s even higher, probably up to 120F in a comy ’ hat improvement can be made and are not relative in terme 
osed design. Fig. 2 of the paper shows that 430 the amount of improvement for lamps operating at their 
amps reach their maximum light output at ambients of current. * do not feel that it is proper to consider 
ipproximately 70F, and 800 ma T-12 lamps around 60F fee aati te tn eaten Wie es ‘ena Se 
The output of such lamps inside ceiling-mounted f ires in such a lamp, a specifically designed cool chamber is 


vill obviously be lower than optimum, and we pint ‘ . . 
. I l at the end of the lamp and the authors have placed 


efforts of Messrs. Underwo anc eck to cool a portio rf : . . . . 
r [ r nderwood and Beck Y | n their sails at the eenter of a totally different ump 
tl fluorescent la » for highe , nut. : 2 r 
luor ! mp for higher light outpu The shape of the curves in Figs. 7 and 8 is quite unbe 
Man f today’s buildings use 7. e cavit : 
fany of lay tildings use the ceiling « v evable. There must have been some condition not readily 


ir system, thus exhausting = —— r arent and IT must ask for a fuller explanation, particu 
ivity air temperatures seldom exceed 90 rards the exact status of the lamp and luminaire 
or other means were used to conduct zero, on these curves Fig 4 of this discussion 
troffer body abov 1 two-lamp enclosed fluorescent floodlamp, a 
d there iffici transfer to the « : 
: ‘ hee vs time curve taken in our own laboratories 
desired red on } i All te ings - ve found to be typical of high output lamps 
; - contact surt ; hited half of inder relatively high ambient temperature condi 
would averd tx jearance diana oe : sip. talon é As you can see, the light output starts high, drops 
through the enclosure as suggested in Fis mmediately, rises to a peak, and approaches stability on a 
more simple relamping procedures \ward slope of the curv: 
Unfortunately, fixture designers have little r contro iuthors’ curves, stability is approached from the 
over the product used in service. The situation of two bult opposite direction, It is my opinion that stability is ap 


proached from lower light levels only in those cases where 


to mind as an example of the luminaire manufacturer n +) 


sizes of extra high output 1500 ma) lamps comes quick 


lamp is operating with its cool spot below or equal to its 
cnowing whicl f the two sizes of lamps is to be installe: . 23 1 . 
cnOWINE ueh of the a es of lam] . optimum temperature I also would like to quote from an 
in those particular fixtures. While 96-inch TD-17 bulbs wer: , : 
; ae ‘ _ — . : r paper,’ by Messrs. Herrick and Wenner, who describe 
not seussed in tl vaper, can the authors comment on the : . > - 
; discussed in Pepe - , , , , ; not picture this same kind of eurve Their deserip 
effect of sails on the light output of the grooved type o 
‘ is as follows: 


extra high output lamps? 


‘*Turn the luminaire on Watch the light indication 
irefully. It should rise to a maximum value and then fall 
M. FE. Kecx:** The paper discusses a method of externa off to the value read in Step 4 above Read the maximum 
eontrol of mereury pressure in fluorescent lamps using a heat value. The fall off process may take another half hour or 
sink which may be detached from the lamp. I believe that more depending upon the bulk of the luminaire.’ 
i logical conelusion which is omitted from the paper should This description fits quite well my curve of Fig. A and 
he added, to the effect that the heat sink should be ‘ loes not fit at all the time current curves in Messrs. Under 


wood and Beck’s paper 


Davy- Brite ‘ 
Westinghou ] , itdoo evelat In summary, this paper leaves me with several questions: 
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major manufacturers. The gains of 17 per cent and 
ver cent shown in Figs. 4, 7 and 8, therefore, are subject 
tion nless verified by tests on lamps designed for 


ques 

s current 

One more point requires comment, The use of an external 
ice will, if it is effective, raise the wattags 

to the lamp. Since the ballast is presumably de 


deliver rated wattage to the lamps at or near their 
ambient about 77F), there should be no 


maximum-output 
the effeet of the sails 


problem of ballast overheating due to 
the design of either the ballast or the fixture i- 


ere 
snails should not be blamed. This does, however, 
em for Underwriters’ Labs, since a fixture tested 
sails which barely passed the 90F limitation could 
rheat when sails are used. Might use of these acces 


e the fixture UL label? 


‘ 


This very enlightening and usef 


ul 
new avenues for improving the performance 
s equipped with today’s more highly-loaded 
iorescent lamps. Such improvements are necessary if we 


these sources to best advantage. However, we must 


that these new roads are not yet well-paved or 


marked 

ouvered equipment such as illustrated 
v intriguing, and the reported eight 
output is very significant. We ar 
lamps used in similar equipment 
in such equipment should be even 


The equipment shown in Fig. 9 happens to 
formed steel louver, so I assume that the 


; 
0 


painted steel louver blades 
even though the authors stat 
that steel gave poorer results 


ts thern econduetivity is only one-quarter 


the one 


iminum, Do the authors consider that 


nstruction of the louver offsets this lower conductivi 
roviding good conduction path permitting 

er assembly to help materially the louver blad wl 
the shoes were attached? The excellent results seem to ind 


eate that this may have happened, and I wonder whether the 
have any comparable data for a multi-piece louver 
of sails initially to stabi 


found sails to be very useful ir 


photometri boratory as a means of reducing thé 


on time for 1500-ma lamps 


lly be two and a half days, but by 


Stabilization time for 


norma 
n cooling them, the lamps are stabilized 
thus attained has been very 


iin consistent data. In su 


t ter 


removed, of course, af 

1 before the tests are conducted 
ithors for the information pro 
hope that it will be used wisely 
deviees could result in 


many application conditions. Care 


in the photometric testing and report 


pped with cooling devices. I am sure 
recognized and that we will se 


suc h de vices, 


ot F.Lamps nderwood-Beck ILLUMINATING ENGINEERING 





Mr. Harvey—In regard to the question on photometric 


procedure, first, normal photometric procedure should be 


followed for the luminaire with the sails in place in the 
fixture but the cooling shoes not in contact with the lamps 
When this is completed, the luminaire should be held in th 
horizontal position and a light output reading taken after 
temperature equilibrium is reached. Then the cooling shoes 
should be adjusted to contact the lamp, and the lamp 
allowed to stabilize by burning approximately 24 hours as 
described in the paper. Next, another light output reading 
should be taken and compared with the reading without sails 
to give a ratio of improvement which can be applied to all 
the normal photometric values. 

Wr. Amick—If a troffer is cooled by air at 90F, our 
measurements in the simulated ceiling cavity with still air 
show that the reflector temperature rose about 5 to 10F 
with 96T12 slimline lamps in both open and enclosed troffers 
If the bulb wall temperature is to be maintained at 100F 
for maximum light output, it is necessary to have a very 
good design of thermal system to take the heat from the spot 
on the bulb to the troffer wall with little temperature rise 
Most good designs would still have a temperature rise of 
5 to 10F 
obtain the 


Thus, we are on the borderline of being able to 
exact temperature for maximum light output 
However. we still feel that some gains could be expected. If 
the sails could extend through the troffer into the moving air 
ibove the fixture into the eooler air below the fixture 
greater gains might be obtained 

As regards the use of sails on grooved type extra high 


output lamps, thes« amps are designed to give maximum 
ight at close to the normal test conditions of 77F in still 
ir. If the ambient temperature around these lamps is higher 
than normal, they will be down in light output and sails 
should be effective in raising their light output 

Wr. Keck—While there is an advantage in using the sails 
on the eoolest point r othe bulb wall, they will still be 
effective at any point. provided they are designed to reduce 
the bulb wall temperature to its proper value The advantage 
of using a sail where the cool spot normally exists is that 
this point is cooler and less heat must be transferred from 
this spot to cool i ‘ j uulb wall temperature 4 sail 
t the cool poi sewherse 
on the lamp 

In regard to the tion on the light out; 

s lamps stabilize, the mereury pressur: 
value to a low one as the excess mercury transf from a 
hot seetion of the bulb to a eool one This 1 the lamp 


} 


voltage, wattage, and light output will rise. ° is shown 
in Figs. 7 and 8 as the lamps stabilize with a sail. The shar. 
of the eurve is not new. It is also shown in Gungle, et al 
High Output 


These curves ré 


‘*Operating Parameters of Fluorescent 


Lamps,’’! in Fig 4 of their paper similar 
to the ones shown in our paper 


Herrick and 


of noting the peak 


Mr. Keek refers to a procedure given by 
Wenner in their paper, as to the effect 
output, and then reading the stable value after light output 
has fallen off. The curves shown in Figs. 7 and 8 and Mr 
Keck’s curve do not show the peak which is referred to by 
Gungle or by Herrick and Wenner. This peak value was 
obtained even before the first readings on these curves were 
plotted. The usual shape of this curve is as shown in Fig 
of the Barr-Karash paper entitled, ‘‘ Design Of High Output 
Fluorescent Lamps.’’* Here light output rose to a pe: 
value in just one minute then fell off until it reached a 
stable value, since this lamp has no built-in mereury pressure 


control. In more highly loaded lamps, this peak oeeurs very 


JANUARY 1960 Vercury 


Pre ssure of F-Lamps 


rapidly and for our purposes, it Was not necessary to record it. 


In regard to Mr. Keck’s curve, it is true that light output 
will continue to drop after the cold spot exceeds 40C as 
shown in his curve for an enclosed luminaire, and also in our 
Fig. 12. In Figs. 7 and 8, the sail temperature did not rise 
appreciably as the luminaire warmed up. 

In regard to the comment on lamp breakage, the authors 
feel that if proper precautions are taken, lamps could be 
contacted by a cooling device without any undue difficulty. 
As to the 


sufficient data and experience to determine what the limits 


limits for design specifications, there are not 
should be. Some suggestions were made in the paper. How 
ever, it is obvious that designs will vary depending on the 
type of fixture and/or application and it would seem that 
ny question of lamp guarantees should come from individual 
lamp manufacturers. 

In indoor applications today non-circular cross-section 
lamps are in most cases operating at or near peak efficiency 
by virtue of the mereury control feature which is built into 
the lamp. However, non-cireular or other types of lamps with 
built-in mereury control, when operated in ambient tempera 
tures higher than that for which they were designed, could 
still show improvement by applying the sail principle. 

Vr. Jones—In regard to his question on lamp design, 
designed to furnish maximum light 


lamps are normally 


output close to 77F in still air conditions. If these lamps 
ire used in higher ambients, light output will be down and 
external means e¢: , sed to restore it. It is true some 
ittempts can be made to design special lamps for high 
imbients but then these lamps would be low in light output 
at normal ambients. Proper application of such lamps might 
be very hard to control. It must be remembered that a lamp 
is designed for optimum output at only one temperature. 

As regards his comment on the use of external cooling 
devices, we believe many of his objections will be overcom< 
if the sails are properly incorporated and become an integral 
part of new luminaire designs. 

The exploration of sails on lamps at 1.5 amperes was 
neluded to show that sails are effective in controlling mer 
cury pressure and that high current lamps need some form 
of mereury pressure control. The purpose of the paper is 
to determine the effect of external mercury pressure control 
tor higher temperatures regardless of lamp type 

lhe authors also believe that the luminaire would probably 

checked by Underwriters with sails in place if 

used in operation 
Viedhart—We have no specific data on various types 
r assemblies; however, as he has indicated, sail 
gn is not just a matter of material, but also of construe- 
tion, particularly the manner employed for making thermal 
joints between different parts of the sail. While louver 
ssemblies have good mechanical joints, these may not be 
good thermal joints. For this reason, it is difficult to theorize 
vhether one-piece construction would have an advantage over 


multi-piece louver construction. The only way to obtain such 


nformation would be D> actual tests. 
The results reported in our paper in Fig. 9 are due to the 


large louver area enabling the steel fin to give good results 
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INSTALLATION AT THE RACQUET CLUB OF PHILADELPHIA, PHILADELPHIA, PA. 


Lighting for Court Tennis 


LIGHTING OBJECTIVE: To provide a high level of general illumination in the playing area for 


court tennis 


GENERAL INFORMATION: Court tennis is the original game from which lawn tennis, squash, 


squash racquets, badminton and handball, among others, evolved. The location shown above 
measures 38 feet by 108 feet. The ceiling height is approximately 40 feet. Colors and reflectances 
of the major surfaces are: ceiling and upper side walls, white (60% RF) ; lower side walls, slate 


gray (10° RE) for contrast between ball and wall; and floor, conerete (15% RFE 


INSTALLATION: sixty Ender-Monarch Corp. catalog No. 270-2-96PG fluorescent luminaires are sus 
pended 30 feet above the floor in 5 continuous rows on 7-foot centers. Each luminaire is equipped 
with extra heavy protective louvers and two 96-inch TD-17 cool white fluorescent lamps 

After 500 hours’ operation the average illumination at the net was 100 footeandles. The 
average in the rear court was 75 footcandles. Brightnesses were: 


minaire t 4 1000 fl end wall, upper 


g fl lower 


Architect: W. L. Van Alen; Carrol, Grisdale and Van Alen. Consulting Engineers: 
A. Ernest D'Ambly and Stewart A. Jellett. Electrical Contractor: Harry F. Ortlip 
Co. 


Lighting data submitted by P. R. Holmes, District Engineer, General Electric Co., 
Large Lamp Department, Philadelphia, Pa. 


Published by the Committee on Publications of the Illuminating Engineering Society, 
1860 Broadway, New York 23, N. Y. 
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“Diabolo” Approved as 
New Name for East Bay Section 


At the November 19 meeting of Coun 
in New York City, approval was given 
change in name from ‘‘ East Bay’ 
** Diabolo’ for the Society ’s newest 
89) local group, with headquarters 
akland, Calif. The new name is after 
Diabolo, Calif., a prominent land 
d geographic center of the area 

the Section 
or the Section was approved 
September 11 meeting of Council 
Franciseo; its territory composed 
formerly part of Golden Gate 
Officers of the Diabolo Seetion 
N. Radford, Pacifie Gas & 
Chairman; Leon 
Products 
Ss W 
Oakland, Seere 
Parke, Pacific Gas & 


hmond, Treasurer. Pres 


James R Cham 


the Society and 
al Activities Com 


’ the membership 


The Diabol «tion is the second in 
IES history to organize, initially, as a 
section Minimum membership require 
ment for section status is 50 The New 

Section, formed in October 1958, 
first local group to beeome a 


immediately 


Chicago Lighting Exposition 
Planned for May 1961 


First all-inclusive lighting exposition 

he held in the Chicago area has been 
scheduled for May 1-3, 1961. The exposi 
tion will be held in conjunction with the 
Chieago Electrical Industry Trade Show, 
1 biennial event sponsored by the Ele« 
trie Association of Chieago. Site of the 
exposition and show will be the Lake 
Front Exposition Hall, now under con 
struction, 

Decision to conduct a lighting exposi 


tion was made by the Board of Directors 
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CHARTER NIGHT for Diabolo Section (formerly, East Bay—see story this 
page) was November 12 at Hotel Claremont, Berkeley, Calif. South Pacific 
Coast RVP, James E. Barnes (center), presented charter to Diabolo Chairman 
Grant W. Radford (left). Chairman Walter Bayha (right) represented his spon- 
soring Golden Gate Section at the celebration. Headquarters of Diabolo Section 
CIES No. 89) are in Oakland, Calif. 


f the Eleetrie Association under Presi- Michigan Section Organizes 
lent George Bard, Kelso-Burnett Ele Speakers’ Bureau 


trie Co. Exposition plans have the ful 


Furthering the Society ’s goal of ‘‘1ES 
ipport of the newly-organized policy - . 
to the Public, as emphasized strongly 

ommittee of the Commercial-Industria : . = - 
vy Past-President George J Taylor in 

Lighting Industry, headed by Ole Hill 


his Presidential Report at the National 
Jr.. Commonwealth Edison Co. Mr. Hill 


' Ligt : echnical Conference in San Francisco, 
is president of the Chicago Aghting n . 
. . . last September, the Michigan Section has 
stitute and a board mem'‘er of the Elee a x 
organized a Speakers’ Bureau as part of 
trie Association . 
: their lighting education program. 
All aspeets of commercial, industrial, . 
Aim of the Bureau is to present pro 
residential and outdoor lighting are in . 
grams on any phase of current lighting 
cluded in the exposition plans. Response ; 
practice to interested business and civic 
of the industry to the decision to hold 
groups in the greater Detroit § area. 
the exposition indicates that the lighting 
: Speakers are recruited on a voluntary 
exposition will b n important part of : 
basis from the Section membership 
Professor Edward L. Fairchild, Wayne 


State University, is chairman of the 


the Chicago Industry Trade 


g 
Show Hopes are it will exeeed in 
seope anv exhibition of commercial and : 

Speakers’ Committee, with Harry R. Rob 


industrial lightirg ever attempted in the 


United States Continved « TA 
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Here and There 
With IES Members 


Representatives from East Central Re- 
gion’s six sections and chapters met in 
Hagerstown, Md., with Regional Vice 
President Carman D. Miller (seated at 
left under portrait) and IES Manag- 
aging Director A. D. Hinckley (te Mr. 
Miller's right) for discussion of com- 
mon problems, regional and section 


chapter activities. 


New Jersey Section program chairman, 
Harvey L. Sykes (right), points to one 
of the exterior lighting fixtures at 
Garden State Plaza, Paramus, N. J.. 
during recent Section tour of the shop- 
ping center. Looking on, left to right, 
foreground are J. F. MacDougall, 
Section Chairman; Fred Thurkauf, 
Jr.. Public Service Electric & Gas Co., 
and B. F. Thomas, Jr., director of the 
electrical division, Abbott, Merkt & 
Co. About 100 members of the New 
Jersey Section toured the Plaza to in- 
spect the lighting. Tour followed a 
dinner meeting at which Messrs. Thur- 
kauf and Thomas discussed the Plaza’s 


exterior illumination system. 


Architectural lighting and light as an element of design 
were phases of the art considered at recent Rocky Moun- 
to r.: Henry Lowen- 


Woman of Distinction Award to Mary L. Wallace, residen- 
tial lighting engineer with Texas Power and Light Co.. 
tain Section meeting. Speakers, 1. 
stein, Bonfils Memorial Theatre; Tom McCurry, technical 
director of paint manufacturing firm; (Fred Leffler, mod- 
Denver architect. Fourth speaker 


Dallas, was presented by Business and Professional Wom- 
en’s Clubs at luncheon in observance of National Business 
Women’s Week. Miss Wallace, who won first place honors 
in the Southwestern Region’s 1959 MMILJ competition, erator); Stan Morse, 


was one of Il Dallas women honored at the luncheon. at the meeting was industrial designer Charles Deaton. 
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Continued from page 5A 


bins, General Electric Co., and James 
Finn, The Detroit Edison Co., serving 
committee members. Topics offered 
the Bureau include maintenance, illumi 
nation fundamentals, sources, electrolu 
mineseence, high frequency lighting, high 
voltage lighting for buildings and all 


phases of lighting application 


° . - = . i , ; . ¢ - ’ ~ 
Case Institute to Enroll i HAA, v4 4. Ss 


Women Undergraduates _ 


_eet> a Sa a 
Breaking an 80-year tradition, Case t it tr a 
Institute of Technology, Cleveland, Ohio, | i | if it | _ ith }. 

. | i 
has announced plans to accept applica J +2 


tions from women students for admission 
HUNDREDS of businessmen and merchants from the greater Cincinnati area, 


southwestern Ohio and northern Kentucky, attended “New Lighting Frontiers” 
forum to hear Dr. H. Richard Blackwell, LIES Technical Director, C. L. Crouch, 
and Willard C. Brown discuss and demonstrate the new IES recommended levels 
of illumination. Forum was held, appropriately, in recently relighted Cincinnati 
Music Hall Ballroom, where versatile lighting system can accommodate anything 
from a meeting to a TV show (see story, November IE, page 671). 


; ‘ 


beginning in the fall of 1960. The chang: 
is announced by Acting Presi 
Smith, was made in re 
demonstrated nationa 
graduates in engineering 
ind the growing number 
terested and ialified women high 


students 


Due to lack of dormito space 
Blackwell, Crouch, Brown Speak dustry, commeree and offices. High 


At Cincinnati Lighting Forum ig the program were a report by 
. Richard Blackwell on his eight 


women candidates ‘ ive at home 

or with relatives in greater Cleveland 
will be aecep ‘ fall. Be Wa which better lighting ea 

ginning in 1961. how. mnie atm acd a a SO temnein ene irch program which provided th« 

the revised TES recommenda 


talk by ¢ L. Crouch, IES Tech 


nts Trom any ill be admitted 0 vere vividly demonstrated t 
epending on available approved living ndreds of businessmen and merchants . 
commodations in the Institute area. from e gr er Cineinnati, southwestern rector, on ‘‘Bridging the Gap 
Up to 1953, five undergraduate degrees vi id northern Kentucky area at the Research and Application”’ and 
a been awarded by ( be eaten ote eee a (‘New Lighting Frontiers’’ nstration by Willard C. Brown, 
Sinee that time. law dene “Diente ag Oe he Cincinnati Music Hall of lighting education, General 


o the United 


Co., Cleveland, on the applica 


varias Poveln iigher levels of illumination 
orum was divided into two ses 

ommended 
ymmereial and office lighting on 


Tasks in 
industrial lighting problems 


uecessful forum 
Section of IES, 
Gas & Eleetrie Co., Large 
tment of General Electric Co 


ind Power Co 


Classical Theory on 
Color Perception Disputed 


artic by Harold M 
Vi York T 


The contention that color perception 

is more complex than the classical theory 

would indicate has been supported by a 

new mathematical study. The erux of th 

classical theory is that eolor results from 

igth of light which acts upon 

d, green and blue color receptors in 

An object appears colored in 

; ) o the mixture of reflected 

KENTUCKY Colonel Commissions conferred by Hon. Andrew J. Jolly (second lengths. However, Dr. Michael Woolf 

from right), Judge of Campbell County Court, Newport, Ky., on (1. to r.) Wil- ish erystallography specialist, in 
lard C. Brown, Dr. H. Richard Blackwell and C. L. Crouch. Presentation was 


made at “New Lighting Frontiers” forum, held in Cincinnati, October 27-28. (Continued on 
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Study Group Organized in 
Ft. Lauderdale, Fla. 


OF CMP 


FT. LAUDERDALE, Fla., Study Group's first technical meeting (on residential 
lighting) featured talk by Eugene W. Commery (center), IES Fellow and resi- 
dential lighting expert. Shown here with Mr. Commery are Robert Mills (left), 
program chairman, and Walter C. Qualmann, study club chairman. Southeast 


Florida Section is sponsoring the study club. 


PLUMBING 
FIXTURES 








of 107? OF POT. 


the elub 

quirements for Chapter sta 
1960 IES year. 

In addition to the elub 
dale, other groups which 
in the near future are 
meetings in Alaska; Dee: 
Paso, Texas; Eugene, Ore 
Hawaii; Louisville, Ky.; Mob 
ind Roekford, Ul. This burst of 
iggests that 1960 may be IES'‘s 


itful vear in chapter organizat 


Traffic Engineering Fellowships 
Offered by Yale University 


Bureau of Highw iv Trafti 
University, New Haven, Conn ha ur 
nounced the availability of fellowships 
for the 1960-1961 aeademie vear The 
fellowships, to be awarded to qualified 
graduate engineers who are citizens of the 
United States, cover a full academic veat 
of graduate study, beginning in Septem 
ber 1960 and ending the following May 

Total value of each fellowship is #2200 

$800 for tuition and $1400 for a living 
stipend, disbursed at the rate of $175 per 
month for the eight months of the schoo! 
vear. These fellowships are availabl 
through grants to the Bureau from th 
Automotive Safety Foundation, Esso 
Safety Foundation, Insurance Institute 
for Highway Safety and The James S 


Kemper Foundation. 


Tuition scholarships ars 
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EVER LOOK AT RELIGHTING THIS WAY? 


"y 


unusual shown 


The 


above illustrates this point: To get 


perspectiy e 


the most from each square foot of 
floor space, make the most of ceiling 
And the 
ceilings are planned around Day- 
Brite “Full Comfort” lighting 


This is particularly true in the 


space hardest working 


modernization of offices, plants and 
stores. Nearly always, the easiest 
and most effective 
way to increase pro- 
ductivity is by re- 


lighting with Day- 


DAY: BRITE 


Brite equipment. In the complete 
Day-Brite line 
that solve problems caused by struc- 


budget 


youll find fixtures 
tural or limitations — fix- 


tures delivering highest illumina- 


tion efficiency without sacrificing 


appearance. To make sure your cli- 
ents get the most from their ceilings, 
consult your Day-Brite representa- 
tive. He’s listed in the Yellow Pages. 
Day-Brite Lighting, 
Inc., St. Louis 15, 
Missouri and Santa 


Clara, California. 


When you get down to “ceiling plans” 
call Day-Brite 
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DAY-BRITE'S NEW FAIRVIEW 


For offices, stores and schools. 8 feet of Day-Brite quality 
and performance at half the price you'd expect to pay! 
Features the first full 8-foot prismatic enclosure. Low- 
brightness CLEARTEX® panel of X-5 plastic (guaranteed not 
to discolor for 5 years). Translucent sides for soft ceiling 
lighting. Designed for easy installation, speedy servicing. 
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“SPECIFYING Lighting Equipment” 


was subject for discussion by panel of 


experts at Southern California Section meeting. At the head table, in the usual 


order: Jerry Silvers, study club chairman; E, F. Miles, manufacturers’ repre- 


sentative; Attorney D. T. Farrell, speaker at study club meeting; J. Roy Jones, 


secretary-treasurer; J. N. Robertson, electrical engineer; Benn Hartmann, sec- 


tion chairman, and J. 5S. Hamel, progrs 


n chairman. Also participating in panel 


was architect Robert Field, Austin, Field & Frve. 


College-Industry Conference 
Studies Young Engineer 


Industry Division of the American Society 
for Engineering Education at the meet 
hich unites leaders of industry an 
ngineering education in the discussion 
of common problems. Plans for the up 
consideration 

the university 

industry and of pro 


he over 


Illumination Courses 
Offered by Philadelphia Section 


The Philadelphia Section of IES is 
sponsoring, tor the tenth consecutive 
year, two courses in illumination desig1 

held at the Engineers’ Club of 
Philade pia Each course consists of 
ten weekly, two-and-a-half-hour sessions 
for which the tuition fee is 830, Illu 
mination Design l, commencing on Janu 


is a fundamentals course open to 


any person wishing basi training 


lighting and will be conducted according 


to the following outline: 


Light and Sight, A. 8. Turner 
?é6—Light Standards Control and 
easurements, A. S. Turner 
try 2—Light Sources, Part I (Incandes 
and Mercury R. R. Enghouser 
9——Light Sources, Part Il Fluores 
R. R. Enghouser 
rueary 16—Calculations, G. T. Anderson 
ruary 23—Wiring Fundamentals and Light 
ing Economics, J. R. Rodisch, 
Vareh 1 Interior Part I chools and 
Offices P. F. Kyack 
March 8 Interior, Part II (Stores and Public 
1ildings G. E. Shoemaker 
ch 15—Interior, Part lil Industrial 
A. V. Schafer 
March 22 Exterior Lighting afer 


Illumination Design I1, beginning on 
January 21, will be concerned with ma 
terial of an advanced nature and there 
fore geared toward an audience with some 
background and experience in lighting 
Sessions are pl inned as follows: 

ary 21—N 


Auxiliaries, P. R. Holmes and 
January 28—New Footcandle Leve 


w Developments in Lan 


Enghouser 


NEWLY-ELECTED officers of NEMA’s Floodlighting Section, |. to r.: John A. 
McDougall, Revere Electric Mfg. Co., section representative on Lighting Equip- 
ment Division Board of Directors: John S. Haney, Crouse-Hinds Co., Section 
Chairman: 8S. R. Naysmith, Abolite Lighting Division, Jones Metal Products, 
alternate section representative on Board of Directors. Elections took place at 


33rd Annual Convention of National Electric Manufacturers Association, held 
in Atlantic City, N. J.. November 9-13, 1959. 
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How three 
companies 





G-E Power Grooves for High Lighting Levels. Assembly 
Products, Inc., Chesterland, Ohio, gets 250 footcandles with 
mighty G-E Power Grooves— eliminated supplementary light- 
ing, and saved 50¢ a square foot initial cost at the same time! 


Conclusion: 


Your customers get more and more light for 
their money, year after year, with G-E Lamps 


What kind of lighting do your customers need? Light with 
sales appeal? A higher lighting level? Maybe the lowest cost 
of fluorescent light possible? Chances are General Electric 
Power Groove fluorescents are the lamps they should consider. 
Ask your G-E Large Lamp distributor for the whole story. 
General Electric Co., Large Lamp Dept. C-01, Nela Park, 
Cleveland 12, Ohio. 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 
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G-E Power Grooves for Sales Lighting. If your customers have 
products to display and sell, G-E Power Groove Lamps can 
play a vital role, as in the Fontius Shoe Stores, Denver, where 
300 footcandles make shoe selection easy—and fast! 





... and get the lighting results 
they want 


G-E Power Grooves for Low Initial Cost. In Murray Hill, 
New Jersey, Bell Laboratories specified 100 footcandles in this 
engineering office and got it most economically with General 
Electric Power Groove Lamps. 
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ABOVE ALL: 


LUSTREX PERMA TONE STYRENE LOUVERS! 


~ 








eo? ***).87 i ‘” =. ‘ 


<Min ro 





Louvers in London Public Utilities 
, aC . Building, London, Ontario by Wakefield 
to 2 ; : ‘ yf rular styrene » Spec Justre rms » stvrene , ’ ; 
o 2 to times that olf regular yrene. How pecily Lustrex perma tone styrene. Lighting Limited, London, Ont. Archi- 
Specially developed to meet [IES-NEMA-SPI joint specifications for ultra-violet tect: Harold Hicks, London, Ontario; 
rht-stabilized styrene, tl vecial Lustrex formulation exceeds these specific: Electrical Contractor: J. V. McDonnell 
4 ADLLIZE styrene, tnis s{ lai LuUSsLrex lormuiation exceeds ese specinca- Electric Co., London, Ontario 


tions and provides the large area of illumination, good diffusion, light weight for 


Get all the usual advantages of styrene in lighting plus a resistance to yellowing up 


easy handling, good dimensional stability, and low cost that you have come 


to expect of styrene 

Perma tone offers unlimited translucencies in white and a complete color range. 
Proven in use by leading fixture manufacturers, molders, lighting engineers, 
architects, it has not been modified since 1956. 

For free technical report on Lustrex perma tone styrene, including accelerated test 
results and other valuable data on styrene in lighting, write to Monsanto Chemical 
Co., Plastics D yn, Room 704, Springfield 2, Mass. 


MONSANTO innovator in PLASTICS 
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Continued from page 10A 


February 4 Architectural Aspect 
V. G. Kling 
February 11 


Kyack 


Office and Schoo 


February 18 Stores and Put 


G. E. Sheemaker 


rruary 25 


Watt 


Spe 
Luminaire 


Wirir 


Exterior 


New Rules Announced for 
EE! Sales Promotion Contest 


The 


Fleet ric 


ittee of the Edisor 


Awards 
Institute has 


(omn 
inced new 


REI 


inne 


entry rules for the innua Sales 


Promotion \wards 


compe 
iwards, madcdk 
‘ 


motion 


promotion 

Further information 

Promotion Awards n 
Eleetri 


writing to Fx 


Third Ave New York 


Six New Member Companies 
Added to NEMA Roster 
The National Electrical Mat 
has the 
of six companies to its membership rolls 
officia 
affil 


ufacturers 


Association innounced iddition 


their tive 


NEMA 


New members, 


re spe 
representatives section 
itions are 
Ripley Co., In 
A. Rudol 
Northeastern 
chester, N a. % 


Section ; 


Street 


ph, 
In 


Engineering 
Hahr 
Texas Instrum nts 

Mass., |} 0 r ind 
aT 
Automatic 
er Semiconductor 


Tm Chatham, N. J DG 


etrieal Contacts, Industria or 


Temperature Controls and Pow 


Component Sections 
(48 Drving 
Hoke, 
International 
Conn., L. E. Thom Fleetr 
Instrument Seetion;: 
Hindle 
ton, N. J 


Adsorption Section; 
Haver 


eal Indieat ny 


Instruments, New 


l'ransformer Co., Ine., Fleming 


John ¢ Hindle Specialt 


Transformer Section 
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CHEDULED 


1960—P 
Phi 


ant 


January 25-28, 


Mainte 
Show, Convention Hal J 


adelphia, Pa 


1960 
Winter 


January 31-FPebruary 6, 
Institute of Electrical Engineers, 
eral Meeting, New York, N. Y 
1960—Counci 
iety New 


Pebruary 11, Meeting 
minating Engineering 
N. Y. Members are f 


Council 


So 
ee to atter 


as guests 


, 1960. 


A 


Pebruary 11 Intert 
Associatior Conferetr 


Pebruary 22-25, 1960-—Nationa! Rural 
tric Cooperative Associatior 


Louis, Mo 


St 


Pebruary 25-26, 1960 Na 
Wiring Sales Conference, wick 
Philadelphia, Pa 


March 6-9, 1960-——Fift 


Show, New York { 
N. ¥ 
March 10, 1960-—< 


Ml tir Ry 


NY 

March 23-26, 1960—Tenth 
Show and Lighting Exposit 
position Ha Los 
April 5-7, 1960—DBu 
tute, Spring Conferences 
New York. N. ¥ 

April 11-12, 1960—I nter-Socie 
il, Philadelphia Museun olleg 


lelphia, Pa 


April 20, 1960—« 


Me nating 


try 


Angeles, Calif 


Research 


ling 


Statler- Hilton 


eting Illun 
Memphis, Tenn 
April 21-22, 1960— South 
eastern Regional Conference 

body, Memphis, Tenr 


April 25-26, 


IES, Re 


Central 


Hotel 


IES 


Conference bert Driscoll Hote 


pus Christi, Texas 

April 28-29, 1960—Inter-Mountai: 
Conference, TIES. Mountain Shadows R 
Ariz 

May 1-5, 1960—National 


trica 


Scottsdal 


Associ 


Distributors allas, Texas 
May 4-5, 1960—S; 
IES, Amt 
Calif 


th Pacific Coast 


Conference yassador Hotel 


Angeles 


Americ 


i meetings o 


Hotel 


Hotel 


mittee ence, Per 
South Hote Ni 


1960—Southwestern Regi 


Regi 


y 


’ 
rd 


Northwest 


May 9-10, 1960—Pacifx 


IES, Zenjamin F 


nance 
anklin 


Conference 


Seattle, Wash 
an 
Gen 1960— American 


Farm 
Fontenell 


May 10-12, 
Electrical Er 


Sherator 


gineers 
I 

York 

‘ 


ference, IES, Sheraton Martin Hotel, 


City, Ia 


Lakes 
Carter, 


1960—Great 
Hotel 


May 16-17, 
Conference 


Elec Ohio 


IES 


Meeting) 


May 23-26, 1960—Design Engineering 
— Coliseu New York, N. Y 
tional 


June 8-9, 1960—Northeastern 
Wentworth 


ES yy-the-Sea 


feren 


ith, N. H 


June 13-14, 1960—Canadian Regiona! Confer 
I N 


nee, IES, Nova Scotian Hotel, Halifax 


Meeting 
York N. ¥ 


free to attend meet 


June 16, 1960—Coun 
Engineering Society. New 


bers are 


1960—American 


Pacific General 


8-12, 
Engi 


ego, Calif. 


August 


Sar ) 


6-16, 1960—Production 


September 
! Navy Pier, Chicago, I 


r ring Sh W 
September 11-16, 1960—lI!//uminating 
Societ National Technica 


iton Hote Pittsburgh 


n-Sher 


Society, 


September 28-30, 1960—Canadian 
Manufact Association 


Ont. 


agara Falls, 
Pea 
14, 1960—Amer 


Engineers Fa 


October S$ 

Electrica 
nal 
Cor 


October 23-27, 1960—Nationa 


Contractors Associatic us Vega 


1960-——Natio 
iation Ann 
City, N 


November 14-18, 
Manufacturers Asso 
I re H Atlantic 


na 
ial 
tel J 
na 


November 27-December 2, 1960 
Los t Engineer 


s f Me I : 


Moet Statier-Hilton H 


Regional 


Institu 
Meeting 


Elec 
Sheraton-Brock 


VENTS 


| 
? 


m 


Regiona 


Hotel, 


Institute 
Electrification 
Hotel, Omaha, 


of 


May 12-13, 1960—Midwestern Regiona! Con 


Sioux 


Regional 
Cleveland 


Show, 


Con 
Ports 


8 


Illuminating 


Mem 
as 


te 


f 


Engi 


Engi 


Confer 


trical 


Electri 


Meet 


ing 


Amer 


N 


a 


y 


n 


Annual 





1.E.S. National 


1960 September 11-16 


September 


9-14 


September 


~ pten her 





Technical Conferences 


Penn Sheraton Hotel, Pittsburgh, 
Pennsylvania 
Chase Park Plaza Hotel, St. Louis, 


Missouri 


Statler-Hilton Hotel, Dallas, Texas 


Sheraton-Cadillae Hotel, Detroit, 


Michigan 
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industry, to name a few—this is the 


easiest campaign ever announced All 


Section and Chapter members need do is 


Sections Vie in 
Data Sheet Campaign 


l yuut up, leaf through files, for any 
ommere¢ial or 


which 


industrial lighting instal 


meets current IES Recom 


1 Practice for quantity and quality 
lumination 


end to local Data Sheet Reporte 


name below or direct to ¢ L 


IES Headquarters 


10-ineh g ossy photograp! 


illation Note: These must 


without davlight, unless it is 
1 daylighting installation which is meas 
ured and illustrated. No supplementary 


photographie lighting; no flash or floods 


Data Sheet Campaign 





b) Name and 


address of the instal 


intion. 

(ec) Task performed (if not obvious 

(d) Footeandles (on task 

e) Names and addresses of people to 
he contacted for additional data. 
kept on all 
quota being one Data 
within th« 


Seores will be Sections 
and Chapters, the 
Sheet per every 75 members 
Section. (See each Section’s quota in the 
list below. 

Loeal Data Sheet Reporters in all the 
Seetions and Chapters will be the central 
instigators in the 


campaign. To help 


your Section be best in this service (with 


plenty of publicity to prove it send 


this man pictures and simple data on all 


of vour good jobs. 





Section/ Chapter Data Sheet Reporter Section/ Chapter 





Data Sheet Reporter 








Richard Randal! 
1110 Parkside Ave 
Peoria, Il. 


John K. Gore 
1264 S. Minneapolis 


Wichita 16, Kans 


Warren O. Benjamin 
63 Wilson St. 
Corning, N. Y. 

R. L. Jackson 
Oklahoma Gas & Ek 
P.O. Box 1498 
Oklahoma City, 
M. E. MeCreight 
1120 Adams 
Winthrop, Ill 
Y.H 
1612 2la St., N. W 
Alta. 
Holophane Co., Ine 
Arnold D. Federman 
3437 Ormond Rd 


Okla 


Lefebvre 


( algary, 


Cleveland 18, 
Myers, Jr 


Power & Light Co 


( 1) 
Central 
Box 1369 
Alice, 
J. Arthur Maddox 
409 E. 54 Lane 


Savannah, Ga. 


Texas. 


R. J. Duquette 

General Electrie Co 

185 Church 

New Haven, Conn 

D. E. Wood 

Creseent Electric Supnlv Co 
308 Towa St. 


Sioux City, Ia. 


Continued on page 16A 
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In this fixture “‘torture chamber" water and steam 
are constantly present . . . yet trouble-free light- 
ing is provided by Sylvania’s DIRON fixtures. 


for Extreme Humidity Conditions 





Sylvania’s New DIRON Fixtures 


Here is a new, important advancement in fluorescent 
lighting fixtures . . . especially for textile mills, laundries, 
tanneries and other high humidity locations. 

Selected Sylvania fixtures—both industrial and open- 
type—now have the new DIRON finish, a super-thin, all- 
porcelain process. 

Every external part of these fixtures—even the lamp- 
holder cases for multi-lamp units—is protected against 
moisture by this exclusive DIRON process. 

By this new method a tough, durable layer of porcelain 
is applied to a// exposed surfaces of the fixtures. Yet the 
finish is so strong and pliable that knockouts can be 


removed without damaging the porcelain protection 


You'll find these fixtures both practical and economical. 
The new DIRON fixtures cost much less than conventional 
all-porcelain units. And the price is so close to that of 
standard industrial fixtures that youll want to use DIRON 
units when there is any chance of a high humidity or 
corrosive atmosphere. 

For full information on Sylvania DIRON fixtures, 
write to: 

SYLVANIA LIGHTING PRODUCTS 
A Division of SYLVANIA ELECTRIC Propucts INc. 


One 48th Street, Wheeling, West Virginia 


80 mooean wit HONS 8Y SES YLVANIAS 


FLUORESCENT LIGHTING FIXTURES AND SYSTEMS 
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Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


e BEST FIXTURE VALUE IN EVERY PRICE RANGE 
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Data 
Sheet 
Section/Chapter Data Sheet Reporter Section/Chapter Quota Data Sheet Reporter 








Radford Miami Valley Section 1 Gary Roof 
Leader Electric Co. 
4525 Twilight Hill Drive 
Dayton, Ohio. 
Michigan Section 4 Lloyd A. Crotser 
Westinghouse Electric Corp 
5757 Trumbull 
Detroit, Mich 
Mid-South Chapter H. G. MeMullen 
Memphis Light Gas & Water Div 
179 Madison 
Memphis, Tenn. 
J. C. Augustin 
3885 N. Humboldt 
Milwaukee, Wis 
L. H. Hiekman 
115 Woodsea Lane 
Jackson, Miss. 
B. J. Monaghan 
Peerless Electric, Ltd 
5585 Fullum 
Montreal, Que. 
Charles D. Gibson 
Div. of Publie School 
Administration 
Dept. of Edueation 
721 Capitol Ave 
Sacramento, Calif 
David L. Marx 
“5 Dodge Road 
Hyde Park, Mas 
A. S. Robinson 
369 Lake Ave 
Colonia, N. J 
Albert W. Boe ining, Jr 
Boehning & Boehning 
1841 Lomas Blvd 
Albuquerque, N. M 
Edward R. Tsehirn 
New Orleans Public Serviee Dept 
317 Baronne St 
New Orleans, La 
Robert Nolan 
General Eleetrie Co 
570 Lexington Ave 
New York, N. ¥ 
Wm. G. MeKeithen 
i813 Eldridge 
Ft. Worth, Texas 
Seott Nagel 
1657 Stanbery Ct 
Toledo, Ohio. 
Beattie M. DeLong 
52 Woodland 
Ft. Thomas, Ky 
Clarence H. Dollmever 
$232 So. Peoria 
Tulsa, Okla 
Mrs. Grace C. Schoeni 
Portland General Eleetrie Co 
621 S.W. Alder St 
Portland, Ore. 
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A PATTERNED GLASS THAT SOLVES 
BOTH YOUR LIGHTING PROBLEMS 


gging, warping or discoloring—and 


is easily maintained simply by wip- 
ing with a damp cloth. 


When you want soft, diffuse light, 
but still require high-level illumina- 
tion with brightness control, call for 
Crystopal No. 71. A new concept in 
lighting glassware, it combines a 
water-white crystal for prismatic 
control with a small amount of opal 
for diffusion—all in a single, light- 
weight panel. 

The crystal prisms of Crystopal 
No. 71 not only control brightness 
but at the same time bend the light 
beams down in order to effect higher 


JANUARY 1960 


illumination levels. 

The partial opal reduces reflected 
glare, offering better panel obscurity 
of the light sources. 

rhe pattern is modern with a ran- 
dom-appearing texture which blends 
beautifully with ceiling tile or acous- 
tical plaster. 

As a glass, it is permanent—never 


‘ 


Sa 


For troffers, shallow  surface- 
mounted fixtures or suspended lu- 
minaires—in single panel sizes up to 
2' x 4’—specify Crystopal No. 71. 
Get complete information by writing 
to: 61 Crystal Street, Corning, N. Y. 


RCH ‘ GLASS 


CORNING GLASS WORKS 





It's the year 


for compact lighting too! 


r 
-ompactness 


y the mo 
J ne 


Tali-relge]Mulel alilire Melela Mellie 


raale Lila Li Meal iste Lice lalio sup 


ool ailale| eles iailels 


SUNBEAM LIGHTING COMPANY 


4 


East 14th Place, Los Angeles 21, California 
3840 Georgia Street, Gary, Indiana 
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Data Data 


Sheet Sheet 
Section/Chapter Quota Data Sheet Reporter Section/Chapter Quota Data Sheet Reporter 








Ottawa Section W. E. Reny Southern California 4 Harold F. Hall 
Northern Electric Co., Ltd. Section Southern California Edison Co. 
141 Catherine St 920 Whittier Blvd. 


Ottawa, Ont. Montebello, Calif. 

Harold Stahl Southern Colorado Eammon D. MeCann 
Lamons Electrix Chapter Southern Colorado Power C 
1950 S. Glenstone P.O. Box 75 
Springfield, Mo Pueblo, Colo. 
Donald H. Anderson outh Plains Chapter Russell A. Trawick 


Genera! Electrie Co 


lexas Electric Service Co 
» O. Box 3592 

Outdoor Lighting Dept I Bo ) 

Odessa, Texas. 


Hendersonville, N. C 
M. E. Crago 
iy . ae hapter Union Electric Supply 
hs — nsigt 07 W. Hill 
) : + 
1312 . oth Valdosta, Ga. 


Amarillo, Texas. 
Ben Weinreb 


George T. Anderson 1315 Montford Driv. 
318 Fairlamb Ave Charlotte, N. C 
Havertown, Pa iia 3. 1, Sie, De 
Fred Lewis Section 1714 Hayes St 
West Penn Powe Nashville, Tenn 
Cabin Hill cronto Section } OS Bilan 
Greensburg, Pa }2 Burn Elm Drive 


E. M. Dorman loronto, Ont. 


2501 9th Ave., W win City Section o L. J. Riegert 
Seattle, Wash B.M.D. & R. Ine. 
7029 Walker St. 


Maurice Fournier 
Minneapolis, Minn 


Tureotte & Letourneau In 
0 de la Couronne win Ports Chapter Harris G. Mahan 


Quebec, Que Benson Electric Co. 


1102 North 3rd St. 
Harold Baumer, Jr ee 
Vanderlinde Electric Corp 
100 Charlotte St 
Rochester, N. Y 


J. Homer Shaw 
Utah Power & Light Co 
Box 899 
Salt Lake City, Utah. 
r Island Tom Mawson 
: = Ave ‘hap Mawson Gage, Ltd. 
Denver, Colo 619 Chatham 
James L. Davi Victoria, B. C. 
Sylvania Electrie Products, In rg ‘ W. Amburgey 
5010 Kemper Westinghouse Electrie Corp 
St. Louis, Mo 00 Travelers Bldg. 
Jean Paul Morin Richmond, Va. 
Canadian Westinghouse Co., Lt estern Michigan Herbert J. Brandt 
415 Craig St. W Seetion Consumers Power C 
Montreal, Que. 153 S. Rose St. 
—— Kalamazoo, Mich 
Route 1. Box 638 estern New York ~ Richard Skarin 
Lakeside, Calif. Section 17 Calvin Ct., N. 
Tonawanda, N. ¥ 
innipeg Chapter H. K. Goodmanson 
65 Dewdney St. 


Richard C. Jung 
General Electric Co 
4219 Rochmond Ave 


Houston, Texas. 


Winnipeg, Man 
ankee Chapter J. E. Cashman 
San Jose Chapter J. D. Todd 71 S. Maple St 
Gurries & Todd Associates Westfield aa 
2170 Seott St osemite Chapter Frank FE. Leino 
San Jose, Calif. MeDougald & Leino 
Southeast Ploside 9 Fred H. Emmett °016 Merced St. 
Section 1150 N.E. 110th Fresno, Calif. 
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y & B. Greer, OrTrkKil 


the Southe 


g out of Birminga iln, fornia for the past seve ral years; prior t 





iwstern area. that, he was electrical estimator for 


rion, including Michi North Bay Eleetrie Co., Sar Ra fae 


Pennsylvania, Ken Calif 
West Virginia, will be 


G. Crum, with head Ferris J. Abbass has 
f Herman L. Weiss ter f oit , A. Hakanson, superintendent of the 





been ppomted 
Nova Seotia Power 


Seen Dien kokis ’ eel rned the North Commission ’s commercial department. Mr 
. +03 


les Illinois, Abbass, who joined the commission staff 


orth and Sout) is assistant superintendent of the eom 
nd Tndi ; mercial department in 1957, was formerly 
th Central sales region wi ) issociated with Maritir 


by H. T. White, from offices in Consultants, Canadian 


H. A. Buegel, San Fran the New 


Engines ring 
Westinghouse and 


Brunswick Eleetrie Power Com 


s assigned the Western sales mission. He replaces L. F. Kirkpatrick, 
who has been named 


assistant manager 


In another commission ippoimntment 
Robert C, Simmon oi he - = : 
. * Arnold W. Sarty suecceds C. N. Bates 
. _ . Divisio ti 
Carl M. Holden, former! t * S ’ 


s secretarv-treasurer 
‘th Chamr Lamp Works. Tent , atl 


J. Bernd, gener 


S 


Ralph F. Thompson, Jr. 


oted 


n a sales capacity 
John W. Wolfe as s 
for the Curtis-AllBrité ! ppointment of Stanley M. Dia- 
MeNeill | ry f Tort Wolf . ' : represet ve fi ‘ ed by Red Comet 
ter? lee ‘ ft ' y j "] Eastern d 


* served 


ions sinee 1954 





Howard M. “Buck” Buchholz | 


| manager, Commercia Tin 
the Paragon Electr 
Warren L. Peterson, 
Paragon’s Ws 


ind w 


n Institute of Electrical 


ited 10 members to the grade 


for outstanding contributions to the 
ifession. Those so honored are: Ed- 
win C, Ballman, chairman of the } 
Raldor Eleetrie Co., St Louis 
Willard R. MeCarty, supervisor of 
trieal engineering, Department of R 

= 


oard 


ind Development, Wagner Fleectri« 


Corp., St. Louis, Mo.; Randolph W. Bur- 
rell, senior engineer, Outside Plant Bi 
r Consolidated Edison Co., N. Y 
Joseph S. Johnson, professor of ele: 
neering and dean of the Co 
ing, Wayne State Univ 
Walter K. MacAdam, 
gineer, American Tele 
yne and Telegraph Co., N. Y.; Alfred 
Pollard, oy , f f get 


ge 
ind Power ight ‘ fellevur 
Wasl Ralph E. Thornton, superin 
t le of engineering, Oklahoma Gas 
nd Eleetrie Co.. Oklahoma City, Okla 
Harold Torgersen, professor of electrica 


tant chief e1 
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The most significant development 


in ballast design since the 
introduction of fluorescent lighting! 





~ DRI-LOK 





The case, core and coil are 


permanently bonded into 


ONE SOLID UNIT... 
NO COMPOUND TO DRIP or LEAK! 








This NEW BALLAST 
OUTPERFORMS any other now 





on the market... bar none/ 





AT NO INCREASE IN PRICE! 


GONE FOREVER 
is the danger of 
COMPOUND 
LEAKAGE 


operates 
COOLER, 
QUIETER 
lasts LONGER 


the 
PERFORMANCE 

Oa ee 
LOCKED-IN 


The radically new concept of the DRI-LOK ballast is based 
on an outstanding development in electro-chemical re- 
search—a remarkably stabie, “thermo-setting™ material 
that will not react or combine chemically with any other 
material in the ballast. It cannot soften or liquefy under any 
operating conditions—for the entire life of the ballast. No 
other ballast offers this positive protection against the 
damaging leakage of messy black tar. 


This new material also achieves extremely high dielectric 
strength. And, there is no danger of parts working loose 
and shorting, because it completely seals and bonds core, 
coil and case into one integral unit. 


The new DRI-LOK ballast operates COOLER because the 
revolutionary new “thermo-setting” material fills the entire 
case. Its extremely high heat-conductivity, coupled with 
voidiless filling and complete bonding, make the case the 
most uniform and efficient heat dissipating unit yet per- 
fected. And because the ballast operates cooler, ballast 
life is extended. This exclusive “locked-in” design also 
brings you quieter operation. The filler insulates as it 
seals .. . reduces ballast hum to a new low. The DRI-LOK 
ballast truly promises you operating performance un- 
paralleled in the history of fluorescent lighting! 


another Cefferson engineered FIRST 
The DRI-LOK ballast is not a redesign or face-lift, but an 
entirely new concept in ballast design. It represents over 
2 years of concentrated development in the Jefferson 
laboratory—one of the largest and most respected in the 
industry, devoted to ballast research And this fully tested 
and proved design is backed also by Jefferson's 45 years 
of experience. We've finished it blue so you'll recognize 
it immediately. Write today for complete technical 
details on types and sizes. 


FLUORESCENT BALLASTS 
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CALL YOUR nearby KSH executive- 
engineer for on-the-spot service 
and helpful engineering decisions 

both indoor and ovtdoor 
lighting 


ATLANTA 

CHICAGO « DAYTON 

DETROIT « GRAND RAPIDS 

INDIANAPOUS « LOS ANGELES 

MILWAUKEE ¢« ST. LOUIS 

SALEM (MASS.) « SAN FRANCISCO 

EXPORT: ROLDAN PRODUCTS CORP 
ST. LOUIS 


> 


SMATIC 
LENS PANELS 


INVERTED FOR 
GREATER 
STRENGTH 


ALL K-LITE LENS PANELS 

are exclusively extruded for 

standard modular installations 

inlx 2,1x4,2x2,and2x4 
units for 1OOY% usage. 


PLASTICS, INC. 
HIGH RIDGE, MISSOURI 
XENIA, OHIO 


© 1960 KSH PLASTICS, INC 
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of the 


ILLUMINATING 
ENGINEERING 
SOCIETY 


1860 Broadway, New York 23, N. Y. 


The Publications of the Illuminating Engineering 
Society listed here summarize the vast amount of re- 
search, investigation and discussion of hundreds of 
qualified members of the Society working on technical 
committees, and carry the full approval and authority 
of the Illuminating Engineering Society. 

1.E.S. Publications are available, in single copies as 
priced, to anyone requiring knowledge of the newest in 
lighting application and the supporting technical in- 
formation. Should quantities be desired for further 
distribution, such as for educational or promotional 
purposes, prices may be obtained by writing Publications 
Office. 


This is your order form. Indicate number of copies ordered 
before each item; fill in name and address on back of form. 


— HB-3 LE.8. LIGHTING HANDBOOK 
Third Edition $10 
Add 50¢ for mailing outside U. 8. and Canada, Special 
registered single copy price to 1.E.S. members, $7.50; 
unless previously ordered, Quantity prices on request 
Write for brochure. 

NEWEST of famous I.E.8. Lighting Handbooks. Published 
March 1959. Over 1100 pages latest information on lighting 
techniques, applications and theory ... plus equipment data. 
Includes all new lighting levels developed from Blackwell 
research studies. All-new index and cross-index. Application 
sections rearranged for subject headings; 25 sections in all, 
many new. Complete revision of previous two editions; more 
comprehensive, easier to use than ever. 

Designed for use of lighting engineers and specialists; lighting 
consultants, architects, designers ... anyone who plans, installs, 
of manufactures lighting systems or equipment. 


1.£.S. RECOMMENDED LIGHTING PRACTICES 


These booklets are the complete, standard recommenda 
tions for lighting the prescribed areas, and are among the 
most comprehensive and important of all Society publica- 
tions. As indicated, some of these recommendations are the 
work of committees of the American Standards Association, 
with collaboration by appropriate committees of the L.E.S. 
All have the approval of the Council of the Illuminating 
Engineering Society, and the the latest official I.E.S. recom- 
mendations. 

In general, the information contained in these Recom 
mended Lighting Practices covers completely the area 
shown in the title. Included in the data are suggested 
types of lighting systems and luminaires; levels for gen- 
eral lighting and for specific areas; analyses of seeing 
tasks; and other information essential to lighting the area 
and of value to lighting engineers and specialists, archi- 
tects, construction people and others. Each practice is 
fully illustrated with charts and photographs. 

RP-1 OFFICE LIGHTING (1956) 


1.E.S. Recommended Practice 
RP-4 LIBRARY LIGHTING (1950) 
1.E.8. Recommended Practice 16 pp 
RP-5 DAYLIGHTING (1950) 
LE.S. Recommended Practice 40 pp 
RP-7 INDUSTRIAL LIGHTING (1952) 
American Standard Practice 40 pp 
RP-8 STREET AND HIGHWAY LIGHTING (1953) 
American Standard Practice 32 pp 
RP-9 SUPPLEMENTARY LIGHTING (1953) 
LE.S. Recommended Practice 16 pp 50c 
RP-10 PROTECTIVE LIGHTING (1956) 
American Standard Practice 20 pp 50c 


_.. BP-1l RESIDENCE LIGHTING (1953) 
[.E.S. Recommended Practice 44 pp $1.00 


* 


32 pp 


RP-2 (Stores @ Other Merchandising Areas), RP-3 (School Lighting) 
and RP-6 (Sports Lighting) are out of print. When revised publications 
are available they will again appear on thia list 
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1.E.S. COMMITTEE REPORTS 


Lighting recommendations based upon studies (re- 
search, surveys of current practice, and experimental in- 
stallations) of I.E.S. Committees and Subcommittees cov- 
ering all phases of lighting. Completely illustrated, these 
reports contain detailed information on many lighting 
problems peculiar to the industry or operation involved 
as well as providing general data as to lighting systems 
and luminaires; recommended quantity and quality of 
illumination; and analyses of specifie seeing tasks. 


CP-1 LIGHTING FOR WOOLEN AND WORSTED 
TEXTILE MILLS 12 pp. 


CP-2 LIGHTING FOR MACHINING OF SMALL 
METAL PARTS 16 pp. 


CP-3 LIGHTING FOR FLOUR MILLS 8 pp. 
CP-4 LIGHTING FOR CANNERIES 36 pp. 
CP-5 LIGHTING FOR BAKERIES 16 pp. 


CP-6 LIGHTING OF CENTRAL STATION 
PROPERTIES, CONTROL AND LOAD 
DISPATCH ROOMS 20 pp. 


CP-7 LIGHTING FOR CENTRAL STATION 
HIGH BAY AREAS 12 pp. 


CP-8 LIGHTING OUTDOOR LOCATIONS OF 
CENTRAL STATION PROPERTIES 16 pp. 


CP-9 LIGHTING INDOOR LOCATIONS OF 
CENTRAL STATION PROPERTIES 20 pp. 


CP-10 LIGHTING FOR STEEL MILLS 
PART I: OPEN HEARTH 8& pp. 


CP-11 LIGHTING FOR FOUNDRIES 16 pp. 

CP-13 LIGHTING TRAFFIC TUNNELS 
AND UNDERPASSES 16 pp. 

CP-14 CONTEMPORARY LIGHTING IN MODERN 
AND TRADITIONAL INTERIORS 64 pp. $1.00 
Combines recommended residence lighting techniques 
with good decoration, written in layman’s language 
and completely illustrated. Shows all types of light 
ing equipment, both installed and portable, recom 
mended color combinations, from Colonial to Modern 
interiors. 

FUNCTIONAL VISUAL ACTIVITIES IN 

THE HOME 12 pp. 25c 
Provides much of the technical material supporting 
the combination of good decoration with lighting in 
CP-14 above. Extremely useful to lighting equip 
ment designers, engineers, and because of the numer 
ous sketches and measurements, non-technical people 
as well. 

CP-16 CURRENT LIGHTING PRACTICE FOR 
TELEVISION PRODUCTION 8 pp. 15¢ 


CP-17 PROGRESS IN TELEVISION STUDIO 
LIGHTING Addenda to CP-16 4 pp. 10c 


CP-18 CURRENT LIGHTING PRACTICE FOR 
COLOR TELEVISION PRODUCTION 4 pp. 10c 


CP-19 LIGHTING FOR COMMERCIAL 
KITCHENS 8& pp. 15¢ 


CP-20 LIGHTING FOR HOTELS 42 pp. 70c 


CP-12 (Transportation Lighting) ig out of print. When revised publicu 
tion is available it will again appear on this list 
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1.£.S. LIGHTING DATA SHEETS 


Each I.E.S. Lighting Data Sheet describes an actual, 
outstanding lighting installation, complete with photo- 
graphs, drawings and engineering data. They are published 
in a series of 24 sheets each year, and current sheets 
cover such subjects as lighting for metalworking, textile, 
automobile and other industries; schools; stores; offices 
3; churches; auditoriums; banks; museums; 
residences; indoor and outdoor recreational areas; streets 


drafting room 


and highways; and other special applications. 

Printed on heavy gloss paper, punched for standard ring 
binder, data sheets are an excellent “idea” file for light- 
ing people, consulting engineers and architects; ideal for 
promotional distribution by manufacturers and electric 
utilities. 


LE.S. Lighting Data Sheets are delivered throughout 
each year in groups of eight; three mailings for the entire 
24-sheet series. First eight of each series are mailed for 
delivery in June; second eight in October; final eight in 
February of following year. Subseription, 24 sheets per 
set, $1.25; 10 or more sets, $1.00 each. Prices on mini- 
mum quantities of 100 individual sheets upon request to 
this office. 


ZZIV Series, 24 sheets 
The current 1959 Series; orders now be 
accepted for delivery as outlined above. 


Series, 24 sheets _— 
Series, 24 sheets on.08 


15 HOME LIGHTING IDEAS 15 sheets $1.00 
Attractively packaged, 15 home lighting data sheets, 
gathered and prepared especially for this publication 
HOME LIGHTING IDEAS FOR KITCHENS 

AND BATHROOMS 10 sheets 

Special packet of ten new home lighting data sheets, 
showing modern lighting for new and remodelled 
kitchen and bathroom areas; an important addition 
to any home lighting idea library. 


DECORATIVE HOME LIGHTING IDEAS 
14 sheets $1.00 


Packet of 14 home lighting data sheets each featur 
ing an outstanding idea for decorating with light; 
do-it-yourself instructions for fireplace, wall niche, 
shelves, drapery wall, ete. 

(Sheets in LD-1, LD-2 and LD-3 not included in 
annual Series. 


EDUCATIONAL 


__ BD-1 LABORATORY ACTIVITIES WITH LIGHT 
(1959) 42 pp. $1.00 
Attractively prepared booklet for secondary school 
students. Supplements physics or science texts with 
12 laboratory experiments specifically on light and 
lighting; easily performed with minimum equipment. 
Designed to interest young people in lighting and 
lighting careers. 


LIGHT MEASUREMENT & TESTING 


LM-1 GUIDE FOR ELECTRICAL MEASURE- 
MENTS OF FLUORESCENT LAMPS 
American Standard 4 pp. 


L3B.8S. GUIDE FOR ELECTRICAL 
MEASUREMENTS OF MERCURY VAPOR 
LAMPS 4 pp 


L.3.8. GUIDE FOR LIFE PERFORMANCE 
TESTING OF FLUORESCENT LAMPS 2 p: 


GUIDE FOR PHOTOMETRIC TESTING OF 
FLOODLIGHTS OF 10 TO 160 DEGREES 
TOTAL BEAM SPREAD 16 pp. 


GUIDE FOR OUTDOOR ILLUMINATION 
TESTS 6 pp 


GENERAL GUIDE TO PHOTOMETRY 
24 pp 60c 


CALCULATING COEFFICIENTS OF 
UTILIZATION 36 pp. 50c 


WORK SHEETS FOR LM-7 8 pp per set 5c 


LEB.S. GUIDE FOR PHOTOMETRIC 
MEASUREMENTS OF FLUORESCENT 
LAMPS § pp. 


L.EB.S. GUIDE FOR PHOTOMETRIC 
TESTING OF OUTDOOR FLUORESCENT 
LUMINAIRIES § pp 


LE.S. GUIDE FOR PHOTOMETRIC 
TESTING OF SEARCHLIGHTS § pp 


LZE.S. GUIDE FOR MEASURING 
AND REPORTING DAYLIGHT 
ILLUMINATION 4 pp. 


REPORTING PHOTOMETRIC PERFORM- 
ANCE OF INCANDESCENT FILAMENT 
LIGHTING UNITS USED IN THEATER 

AND TELEVISION PRODUCTION 
Recommended Practice 8 pp. 

LE.S. GUIDE FOR PHOTOMETRIC 
MEASUREMENTS OF MERCURY LAMPS { pp 
LE.S. GUIDE FOR REPORTING 

GENERAL LIGHTING BQUIPMENT 
ENGINEERING DATA & pp 


Do not detach. Mail entire form. New list will accompany invoice. 





To: ILLUMINATING ENGINEERING SOCIETY 


Publications Office 
1860 Broadway, New York 23, N. Y. 


Send to me at the 
Please print or type) 


Name 


Street 


City 


C) My check (m.o.) enclosed. C2 Bill me. 





ORDER FOR LE.S. PUBLICATIONS 


address shown below copies of I.E.S. Publications indicated elsewhere on this list: 


For orders totalling $2 or less, please enclose check, money order or stamps with order. Prepayment will ex- 
pedite handling and shipment to you. 


Date 


If 1.E.8S. Member 
..Your Section/Chapter 


State 








(Printed in U.S.A.) 
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THESE AUTHORIZED LIGHTOLIER DISTRIBUTORS 


STOCK CALCULITES BY LIGHTOLIER 
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Three sound reasons for specifying 


CALCULITES by LIGHTOLIER 


This new coordinated, quality group fits nearly any downlighting 
need and does it 1. attractively, 2. efficiently and 3. effectively. 


Example: 


the Calculite below articulates the ceiling-fixture joint 


with an opaque metal skirt. The albalite diffuser sends a flood of 
illumination to the working surfaces. Available: seventeen other 


models, 96 sizes and finishes, 


medium and narrow light distribution. 


round and square shapes, for wide, 











SS 
"hong, 

















Calculites complement 
your precision detailing. 
Example: the new formed 
gloss unit above exactly 
replaces a 12” x 12” ceiling 
tile, fits perfectly flush with 
the finished ceiling surfaces 








Calculites are efficient 
lighting instruments. Ex- 
Torsiontite spring 
above permits safe, easy 


ample 


relamping, pulls down from 
any side. Foam gaskets 


provide tight seal. 


For a simple low-brightness 
unit exactly flush to the 
ceiling plane choose the 
Prismatex Calculite above 
In baked white enamel or 
weatherproof anodized 
satin aluminum e 








To learn more about Calculites by Lightolier, write today for a complete brochure to Dept. 1E-10 


LIGFTOLIER 


Showrooms: New York, Chicago, Dallas, Los Angeles 


Jersey City 5, New Jersey 





Revere Outdoor Lighting Report 


Lighting a city street 


The Problem: To illuminate a wide 
city street uniformly across the total width 
with high-level light, thus providing fast- 
moving traffic with utmost visibility for safety. 


The Solution: Revere Endoval Lumi- 
naires with 400-watt mercury lamps were 
mounted at 10° tilt on both sides of the wide 
street, staggered. Distribution pattern selected 
was LE.S. Type III which provided uniform 
light across the entire width of the street, 
giving the high visibility desired for safe, 
smooth traffic flow. There is adequate spill 
light to illuminate sidewalks and parked cars. 
Endovals mount horizontally if desired. 


No. 2200 Series 
Endoval Luminaire 





The Problem: To provide high night- 
visibility for a large shopping center parking 
lot for ease and safety in driving, parking, 
and locating parked cars, and to make the 
shopping center more inviting 


The Solution: High-level, uniform 

lighting was achieved with 187 Revere 72- 

inch diameter Ultra-Lites, mounted 34 feet 

above grade. They use four E-H1 400-watt 

mercury lamps each, positioned for widest 

coverage and highest illumination level. No. 5442 Ultra-Lite 
Ultra-Lites throw square light patterns which 

overlap to eliminate “dark spots” and to build 

up light values in fringe areas. 





Lighting a flight line 


The Problem: To illuminate the wide 
expanse of a flight line so that routine aircraft 
operations could be carried on at night with 
complete convenience and safety 


The Solution: To light the broad flight 

line intensely and uniformly, 1800 Revere 

Alzak Aluminum Enclosed Floodlights were 

used. They were mounted on thirty 80-foot 

poles, each pole having two banks of 30 flood- 

lights. Each bank has 12 wide-beam flood- 

lights (No. 4211-P) and 18 narrow-beam No. 4200 
floodlights (No. 4216-P), with 1500-watt P.S. Series Floodlight 
52 clear, general-service lamps. 


Write for Revere’s complete catalog of outdoor lighting equipment. 


OUTDOOR LIGHTING 


Revere Electric Mfg. Co. © 7420 Lehigh Avenue ¢ Chicago 48, Illinois (In suburban Niles) 
Long Distance Phone: Niles 7-6060 © Chicago Phone: SPring 4-1200 © Telegrams: WUX Niles 


In Canada: Curtis Lighting, Ltd., Leaside, Toronto, Ontario 
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"High Intensity Luminaire for Entryways, 


Walkways and Loading Areas 


A Totally 
New Concept 
In Controlled 
Exterior 
ii 3 Mlumination 























Another first from Perfeclite! A modular shaped 
lighting fixture that completely outmodes the usual 
exterior. bracket extending on a heavy arm from the wall 


Ultra-modern in design, the new Pharos gives an asymmetric light pattern 
provides high intensity illumination for wall areas disperses a powerful 
outward distribution of light 90° from the wall as well. The heat-resistant 
glass refractor uses accurately calculated prisms on seven transmission sur- 
faces . . . incorporates.a silvered glass’ reflector at the top which directs 
the light downward. 


Watelol MeolMaeri Mol ull iMmelort <-ti-toMclale Meo -lelisl-tas)eelehi te ME iil Bi gilelgey Me) ol -tals 
on concealed hinges for easy relamping, easy maintenance. It is rated at 
200 watts, utilizing a standard A-25 lamp 


For further information, mail the attached coupon today! 


THE PERFECLITE COMPANY 
1457 East 40th Street Cleveland 3, Ohio 


Please send me the Perfeclite Data Folder 59-C. 
CANDLEPOWER DISTRIBUTION NAME 


Ww | oy ee oe 
E. T. L. REPORT NO. 372483 


ADDRESS 
CITY 


Units are Underwriters’ Laboratories Inc. approved 
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Continued from page 20A) 


engineering and dean, School of Engi 
neering, Univ. of Connecticut, Storrs, 
Conn.; Asa H. Myles, chief engineer, 
Eleetrie Controller & Manufacturing Di 
vision, Square D Co., Cleveland, Ohio; 
Walter R. Wilson, manager of engineer 
ing, High-Voltage Switchgear Depart 
ment, General Electric Co., Philadelphia 


Earl N. Picker has been named sales 
promotion manager for Day-Brite Light 
ing, Ine., St. Louis, Mo. He joined Day 
Brite in 1945 as an engineering depart 
ment draftsman. He later worked as an 
artist in the advertising department and, 
when the growth of the company necessi 
tated expansion of this department, he 
beeame art director. His duties in this 
capacity included designing and super 
vising the building of company trad 
show displays. At present, in addition to 
his new responsibilities, he is acting mar 
keting services manager while this posi 


tion is unfilled. 


Peerless Electrie Ltd., Montreal has an 
nounced the appointment of B. J. Mon- 


aghan as Canadian sales manager. Mr 
Monoghan, formerly senior illumination 
specialist for the Northern Electric Co 
Ltd., has been active in the lighting in 


dustry for the past ten years, 


Charles J. Meloun has been appointed 
as manager of marketing for General 
Eleetrie’s Outdoor Lighting Department 
at Hendersonville, N. C. Mr. Meloun has 
served as manager of engineering for the 
department for the past three years 
Philip D. Reed, who last year stepped 
down as chairman of the board of the 
General Electric Co., retired November 
10. He has been associated with G-E for 


33 vears. 


The appointment of Philip Scharf, Jr. 
as promotion manager—panelboards and 
switchboards has been announced by 
Merle P. Spurrell, director of sales of the 
BullDog Electric Products Division of 
I-T-E Cireuit Breaker Co. Mr. Scharf, 
manager of order services since 1951 and 
a 19-year veteran with BullDog, has 
served in various capacities in the engi 


neering and sales sections of the firm 


The Westinghouse Lamp Division, 
Bloomfield, N. J., has a new Brooklyn 
distriet sales manager in Osear Poulson, 
Jr. Mr. Poulson, whose office will be lo 
eated in Richmond Hill, will be respon 
sible for all of the company’s lamp sales 
in the Brooklyn area. In addition, Car- 
lyle O. Young has been appointed man 
ager of metallurgical engineering for the 
same division, according to an announce 


ment by Dr. Rolland M. Zabel, lamp di 


(Continued on page 33A 
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Sylvania controlled fluorescents win contract to light 
Panama Canal’s famed Gaillard Cut! 


In the Panama Canal’s critical Gaillard 
Cut, other lighting systems tested re- 
flected on the water, blinding ship pilots 
who strained to see the banks. 
Sylvania beat competition by lighting 
the banks, not the water! With low 
mounting, sharp definition—no reflec- 
tions! Pilots can see perfectly. Now at 
last, in the Gaillard Cut, ships can pass 
in the night! 

Sylvania used VHO Reflector power 
tubes, 8 feet long, delivering the great- 
est reflected brightness of any fluores- 
cent made! Standing 65 feet apart in 


Sylvania-developed CFR (Controlled 
Fluorescent Reflectance) mounts, they 
throw an unbroken white wall of light 
up the embankments. 


This is just one more example of how 
Sylvania lighting engineers work to 
give you superior lighting at lowest 
possible TCL (Total Cost of Lighting), 
which means cost of lamp plus power 
plus maintenance. As a result Sylvania 
gives every user an exclusive Light In- 
surance Policy guaranteeing more light 
at lower cost than other brands—or your 
money back! 


Sylvania-developed VHO-CFR system used in Panama 
Canal, also on airfields, billboards, in industry. 


The Panama Canal Co. enjoys this insur- 
ance. Do you? Call your Sylvania repre- 
sentative, or write us: Sylvania Lighting 
Products, a Division of Sylvania Electric 
Products Inc., 60 Boston St., Salem, Mass. 
In Canada: Sylvania Electric (Canada) Ltd., 
P.O. Box 1190, Station “O,” Montreal 9. 


¥SYLVANIA 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS x 
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Improve YOUR Street Lighting 


MAKE YOUR STANDARD 


RERRIGHN 








When you specify Kerrigan lighting standards you 
get our octagonal shape which is inherently stronger 
than the round or fluted, heavier wall thickness 
(.130), one continuous longitudinal weld magna- 
fluxed for greater strength, and a guaranteed high 
yield point. Also 4 to 6 times greater resistance to 
corrosion, less deflection, and a drop forged steel 
anchor bese. And last, but not least, you get a 
standard that has trim, modern lines, architecturally 
correct. That's why we say: “Make Your Standard 
Kerrigan!” 


Our new 70-page catalog 
has the engineering facts on 
both steel and aluminum 
standards! Won't you write 
for your FREE copy now? 
Address: Dep't. IE-1. 


vs 
ita 


<> 
KERRIGAN 


IRON WORKS COMPANY 


Nashville. Tennesse 
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Vision engineering manager. Mr. Young 
as formerly associated with Sy! 
iia as manager of metallurgical engi 
neering, will list among his new respon 
sibilities the broad metallurgical prob 
lems involved in lamp manufacture, espe 
cially in the field of tungsten and molyb 
lenum, which are vital components of 
neandeseent lamps 
RLM Standards Institute held its 
ober 28, at which 
elected; officers 
Board of Trustees 
that day. Those s« 
»» C, Huerkamp, president 
estinghouse Eleetrie Corp 
o; L. A. Hobbs, vice presi 
moot-Holman Co., In 
E. F. Mulligan, treas 
ones Metal Product 
West ifavette, Ohio; C. S. Put- 
e, Wheeler. Ful 
Franklin R. 
reh Corp., Boston, Mass.; A. C. Ken 
dall, truste« vania Eleetrie Produets 
Ine., Fixture n, Wheeling, W. Va 
D. E. Worrell, Quadrangle Mfg 
0 cago | O; A. Zumwalt. 


nam, secretar ind trust 


erton Lighting Vision 


i) years of ser 
Loud retired from th 
Mich. Mr 


company as al 


Herbert 
troit Edison 
id tarted with the 


Detroit, 
trician in the construction department 
d worked as a substation operator for 
| vears before being assigned duties 
the buildings and yperties depart 
ent in 1920. In 1948 he was named elec 
that department, 


s retirement 


renecy to repre 

irers in the 

emphis de re is been announce 
James Clary, former sales manager 

Light & Po 

s Tent The 


ties Corp., Mem 
vill operate un 
present Light & 
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Eleetrie Co. be 
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J. Seribner Allen has been appoint: 

tative 1 shington, D. ¢ 
or the Edison lectrie Institute Sal 
Division, aceording to an announcement 
hy Edwin Vennard, vir 


director of the 


president and 
Institute. Mr 
formerly employed by the 
Foreign Power Corp., where 


served as a consult 
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tLrmieahtTime 
sinece 18902 


Br, AN EyPERT 
ON DRUM 


WITH ONE EASY LIGHTING LESSON! 


a 


Swingaway maintenance! 
Hinged ring and chain for easy 
relamping and cleaning. 
OTHER 
DRUM UNITS 
81215 
Long-Boy Ellipse; 
intense narrow- 
beam light, 
specular Alzok 
reflector 


81210 

Metal drum 
units, concave 
prismatic lens 
with genuine 
Alzok reflectors. 


81192 

Prison and 
psychiatric units; 
cast guard, 
shatter-oroof 
prismatic lens, 
tamper-proof 
screws. 


B 1618 

Gym drum units, 
with guard or 
louver, single to 
quodruple 


mountings. 








j/ 


| 


Po 
—) 
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GLASS DRUM UNITS 
MAY LOOK ALIKE, BUT ONLY 


BRASCOLITES 
HAVE HIGH 
EFFICIENCY, CONTOUR 
ALZAK REFLECTORS 


Real parabolic-design provides 
permanent, efficient light control. 
Unlike flat-pan or aluminum- 

foil types, Alzak contour reflectors 
can’t come ungluded, tarnish, or 
become permanently discolored from 
lamp heat. Super white opal 
glassware has satin-finish ceiling 
ring. Unit gives excellent downlight, 
plus good ceiling illumination 

above and around the fixture. Models 
to accommodate up to 

three 100-watt lamps. Complete 
selection available. 


brascolite 


THE EDWIN F. GUTH COMPANY « ST.LOUIS 3, MISSOURI 
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line 
weatherproot 
fluorescent 


extruded aluminum 
enciosed and gasketed 
waterproot - corrosion resistant 


Continued fr 


int for sales and area development 
Prior to that he was with the General 
Eleetrie Co. for ten years as a sales en 
gineer and product sales specialist 
their producer goods department. In 
new post, Mr. Allen will be available 
provide information to government agen 
in connection with the supply and 
ippheation of eleetricity for Various 


projects and developments 


The purchase of Hutchinson Manufa 


turing Co Houston, Texas, by Revers 


Eleetric Mfg. Co., Niles, Dll., has been 
announced by Murray J. Whitfield, pres 
ident of Revere. The Houston company, 
which will operate as a subsidiary of 
Revere, retains Judson Smith as presi 
dent and Mr, Whitfield becomes chair 


man of the board. 


Lynn W. Ferguson, who retired this 
past year after devoting 40 years to the 
lighting industry, is now residing in 
Bradenton, Fla. The past-president of 
the Virginia Section plans to spe nd some 
of his newly-found leisure time attending 


Florida Section meetings 





EMPLOYMENT 


OPPORTUNITIES | 








Wanted 
Manufacturer's Representatives 


Manufacturer of nationally advertised 
quality line of competitively priced com- 
mercial and industrial fixtures having 
irchitect -engineer-utility-contractor ac- 
ceptance, sold through electrical whole- 
sale distributors, seeks agency represen 
tation in the following trading areas: 
Albuquerque, Oklahoma City, Tulsa, 
Amarillo, Dallas, Fort Worth, Jackson 
ville, Tampa, Birmingham, 
Montgomery. Mobile Please forward 


Miami, 


resume, including educational back 
ground, lines now handled and territory 
covered, to Box 428, Publications Office, 
Illuminating Engineering Society, 1860 


Broadway. New York 23. N. 











WANTED—LIGHTING SPECIALISTS 


State Manufacturers’ Representative requires 
one man for West Coast, and one for Northert 
Florida Should be experienced writing specs 
vith Architects and Engineers, capable 
negotiating ares ontracts with Wholesalers 
and Contractors for outstanding netional lines 
highest quality Fluorescent, Incandescent, Stage 
Lighting and Dimmer Systems. Now ecified 
und installed locally and internation lly Mer 
nust live in area. Consider qualified man w 
ne to relocate Bert Berend, 1125 Marseille 


Dr Miami Beach, Fla 


REPRESENTATIVES WANTED 
Recessed incandescen New York City manu 
acturer has everal territories still open for 
jualified lighting sales engineers New yuality 
quipment with advanced design features for 
rchitect and engineer specification Modern 
acilities now in productior Completels 
laboratory Ohutetandir ne 


juippe testir 
nic ghting catalog Write territor 


i and lines handled ¢ 
PRESIDENT 
OMEGA LIGHTING 
45 Fifth Avenue 
New York 17, N. ¥ 


REGIONAL SALES MANAGER 


Major Eastern manufactu { mm plete ne 
f pecification grade 10 nt equipment 
is ) ‘ ve managemen and 

at the top 


part o 


LIGHTING SALESMAN 


Compensation 
ms Off 


1860 Bre 


WANTED 

LIGHTING REPRESENTATIVES 
Aggressive, creative sales representatives want 
ed by nationally known, established Chicage 
manufacturer of incandescent and fluorescent 
lighting fixtures of all types Exceptionally 
well-known to architects, engineers, contractors 
Have vacancies in sales territories of Denver 
Kansas City Mc Cincinnati and Dallas 
Houston. Our undivided cooperation to repre 
sentatives at all times Please forward fu 
qualifications ulso firms now represented, if 
any All replies held absolutely confidentia 
Address all correspondence to Box 427, Put 
cations Office, Dluminating Engineering Sorcie- 
ty 1860 Broadway, New York 23, N 


WANTED—SALES ENGINEER 
Opportunity with West Coast office for Sales 
Engineer with manufacturer of th atre lighting 
snd control equipment and architectural in- 
andescent lighting Work requires ability t 
all on architects, consulting electrical eng 
neer contractors, theatres Location in and 
round Los Angeles area. Please forward con 
plete information which will be kept in strict 
onfidence Address Century Lighting In« 
1840 Berkeley St.. Santa Monica, Calif 


LIGHTING FIXTURE 
SALES ENGINEER 
New York City Prominent New York Manu 
scturer Architectural Lighting Salary Ad 
dress Box 426, Publications Office, [lluminat 
2 


ing Engineering Society 1860 Broadwa 


New York 23, N. ¥ 


POSITION AVAILABLE 
Illuminating engineer for Canada required by 
manufacturer of scientific lighting equipment 
Applicants should be graduate engineers or the 
equivalent in experience and possess a higl 
degree of sales aptitude. Salary, commission 
expenses and company-paid pension All re 
plies held in strictest confidence. Address Box 
420, Publications Office, Illuminating Engineer 
ng Society, 1860 Broadway, New York 23 
New York 





Lighting Representatives Wanted 


NATIONAL LIGHTING FIXTURE MAN 
UFACTURER with full line of 
indescent products has 


resentation in seve 


areas 


Arizona — Colorado — Utah 


Progressive organization with exce 
italog constantly offering ne produ 
ind promotional aid 
nl service and 

d if ou 
it the experier 

full deta ’ =! , cations 


Illuminatir gineering Society 


troadway, New 











ILLUMINATING ENGINEERING 








Beeks AND 
PAMPHLETS 





Eye, Film, and Camera in Color 
Photography, by Ralph M. Evans, pub 
lished by John Wiley & Sons, Ine., 440 
Fourth Ave., New York 16, N. Y., 1959, 
410 pages, illustrated and indexed. $8.95 

This book is based on the many lectures 
given by the author on the difference: 
between what an observer sees when h 
looks at a scene and what he sees when 
he looks at an ‘‘aceurate’’ color photo 
graph of the same seene. The differences 
and how the photographer can offset them 
or use them are shown. Chapter titles 
include ‘*The Nature of Color Photo 
graphy,’’ ‘*‘ How We See Things,’’ ‘‘ How 
the Camera Sees Things,’’ ‘‘Color and 
Form in Photography,’’ and ‘‘The Per 
ception of Light and Color in Photo 
graphs.’’ A 19-page bibliography on 
psychology of vision, photography, color, 
opties and art is also included. 

Mr. Evans is the Director, Color Tech 
nology Division, Eastman Kodak Co 
Rochester, N. Y. He has been active in 


eolor photography for over 30 years. 


Primer of Lamps and Lighting, by 
Willard Allphin, published by Chilton 
Co., Book Division, 56th and Chestnut 
Sts., Philadelphia 39, Pa., 1959, 241 
pages, illustrated, indexed, with separate 
ealeulator. $10.00. 

This book deals with such subjects as 
hight and lighting terms, ineandescent 
lamps, fluorescent lamps, mereury lamps, 
light meters, calculations, lighting layouts 
and home lighting. To simplify calcula 
tions, a ‘‘Lighting Caleulator Slidk 
Rule,’’ and a chapter explaining its use, 
are included. 

The author, who is with Sylvania Elec 
tric Products, has intended that this book 
be useful particularly to salesmen and 
eountermen of lamp and equipment dis 
tributors, electrical contractors, building 
maintenance superintendents, electrical 
foremen, students in vocational and tech 
nical high schools and practicing archi 


tects, as well as engineers 


Modern Science Dictionary, compiled 
by A. Heehtlinger, published by Franklin 
Publishing Co., Ine., Palisade, N. J.., 
1959, 784 pages, illustrated. $10.00. 

This dictionary is intended to cover 
every branch of science taught in today’s 
high schools, and to be useful to both 
the student and the average adult. There 
are 15,000 definitions—from a. to zymo 
gen. Subjects covered are astronomy, 
biology, chemistry, geology, meteorology 


and physics, including illumination. 
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SOMETIMES IT’S CHEAPER 
TO LEAVE LIGHTS BURNING 
THAN TO TURN THEM OFF 


The life of fluorescent lamps is af.- 
fected, of course, by the number of 
times they're started. Assuming you 
had 10,000 40-watt preheat lamps in 
a room, by leaving them burning dur- 
ing a 15-minute lunch period, instead 
of turning them off, you'd save about 
$150 in a work year. 











THERE ARE 7/ ovrerent 
SHADES OF “WHITE” IN 
FLUORESCENT LAMPS 


All seven basic ‘‘white"’ colors are needed to satisfy 
the color demands of a wide variety of commercial 
and industrial lighting users. The ‘‘cool'’ colors: 
Daylight, Cool White and DeLuxe Cool White are good 
for color matching. The ‘‘warm”" colors: Warm White, 
DeLuxe Warm White and Soft White approximate the 
color of incandescent lamps and accentuate the 
reds. Plain ‘‘White’’ offers the best efficiency and is 
used where no particular color ‘‘atmosphere”’ is 
needed. 


3,000 DIFFERENT TYPES OF 
LAMPS ALL PRODUCED IN 1 
PLANT under 1 STANDARD 
OF QUALITY CONTROL 


Champion has continuously produced top quality lamps since 
1900. All research, development, manufacturing and test fa- 
cilities are concentrated in one modern plant. . . all dedicated 
to provide you with light at lowest cost. 


CHAMPION LAMP WORKS, Lynn, Massachusetts 
CHAMPION INCANDESCENT-FLUORESCENT « YOUR BEST BUY IN LAMPS 
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Pinhole Downlights with 
Designed Optics by Kliegl 


.»» the Great Name in Lighting! 


Designed optics . . . properly 
controlled accent and picture light- 
ing from an inconspicuous light 
source. Klieg] Pinhole Downlights 
are equipped with adjustable four- 
way shutters and are fully focus- 
able. They feature a precision, 
three lens, optical system for high 
efficiency illumination and sharp 
beam control without spill light. 
Every feature of this outstanding 
Klieg] unit has been specifically 
designed to enhance and dramatize 
the natural beauty in a picture 

or other objets d’art. 


Plan to use Kliegl Pinhole Down- 

lights in your next project, In the 

itime, for con ple te informa- 
Ou? Architectural 


L gh ting Catalog. 


Gorn) 


KLIEGL BROS. 


UNIVERSAL ELecTrRic STAGE LIGHTING Co. INC 
321 W. 60m ST... NEW VORK 19, N.Y. 
AND MANUFACTURERS OF KLIEGLIGHTS 


nied? 


tion, write fo 
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New BULB-TEE Fixture Hanger 


Cuts Labor Costs 
vy Eliminates Holes, 

Drilling, Tools 
Vv Speeds Installation 

Fully Adjustable — from 1'4” to 2%” 
New #220 hangs fixtures, metal raceways, troughs, outlet 
boxes, etc.—faster and easier—on bulb-tee, tee bars, and 
other flanged structurals. Try them on your next job! 


HANG FIXTURES FASTER ON INVERTED 
— BAR 


ACOUSTICAL CEILING 
699 
GA = 


The #210 SNAPEE Grid Hanger snaps onto “’T’”’ bar, slides 
into desired position and locks securely at right spot. Mount 
fixture in position, fasten wing nut, and the job’s done. 


w- bef — righ job 
FREE SAMPLE HANGERS wee cadet tee a 220.21 Seieeasent 
DANIEL WOODHEAD COMPANY 


1S WN. Jetterson St., Chicago, tilinois 


ATI GIMBALS 
ARE PROFIT SYMBOLS 


ATi quality features assure better 
acceptance, better profits and repeat 
sales. 


ATI GIMBAL RINGS offer: 


Trouble-free, long-life construc- 
tion. 
Cost saving adaptability and ver- 
satility. 
Attractive cadmium plate, 
brushed chrome effect, may be 
used as plated or will act as ex- 
cellent paint base. 

Write, wire or call for details 


PGR ALEXANDER-TAGG INDUSTRIES, INC. 


HATBORO, PENNSYLVANIA 
OSborne 55-7200 


GIMBAL RING for PAR 
38, 46, 56 and the 64 
sideprong lamps 


GIMBAL RING for R30, 
R40 and PAR 38screw- 
base lamps 


e™ 








GOT YOUR COPY HANDBOOK III? 


Over 10,000 copies new LE.S. Lighting Handbook, Third 
Edition, have been distributed. Many I.E.S. members 
have not taken advantage of their special price. If you’re 
a lighting man, and an I.E.S. member, you need the latest 
Handbook work. 

L.E.S. members have not vet 
Registered Member Copy at the special price ol 
should do so now to be right up to the minute in the latest 


in your 


who ordered their one 


$7.50 


lighting knowledge. 
For non-members and extra copies for members, $10 
per copy, postpaid. Quantity prices on request. 
Order from: 
Publications Office 


ILLUMINATING ENGINEERING SOCIETY 
1860 Broadway New York 23, N. Y. 
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EXCLUSIVE 


ny QUOTA 


RECESSED TROFFERS 


give you this built-in 


“light trap” of extruded aluminum 
Seals troffer interior, increases useable light output 


» QUIOTa 


gives you this extruded 
aluminum slide-in frame for 
glass and plastic diffusers 


Tapered for hairline fit, 
lightproof closure 


EXCLUSIVE 
“™ allfofa 


* All exposed surfaces of aluminum 
%* Adapts to any ceiling 
* All sizes to 4x4, 
including new 18”-wide series 
* Choice of 19 shieldings 
Pig Holophane lenses” 


gives you this total combination 
for better trofter lighting 


%* Modular dimensions .. . 
fast, easy installation 


* Flexible lamp arrangements 
* a design 


*authorized Holophane distributor 
Get the complete AURORA _— 
story . . . write today for coy G) ove) 


our new Bulletin T-759. 


SOLD ONLY THROUGH QUALIFIED ELECTRICAL DISTRIBUTORS 
METALCRAFT PRODUCTS CO., INC., 6225 State Road, Phila. 35, Pa. 





Now you can insure that your indoor mer 
cury lighting installation will start and 
keep going even when temperatures slip 
far below zero. No longer is it necessary to 
use special, premium-priced indoor trans- 
formers or the still more costly weather- 
proof outdoor type for low temperature 
indoor installations. Sola’s new standard 
line of indocr constant-wattage mercury 
lamp transformers keeps H-1, H-25, and 
H-33 lamps working down to minus 20°F. 
Two-lamp and single lamp units are both 
available for these input voltages: 115, 
208, 230, 277, 460, and 575. They are ideal 
for shed, dock and warehouse installations 
as well as indoor remote mounting to serve 
outdoor mercury circuits. 

These indoor transformers have new, 
lighter-weight core and coil construction 
for easier handling. Long leads and twelve 
knockouts in the new-designed case permit 
quick and easy connection. The case is 
liberally perforated for plenty of air cir- 
culation around the core and capacitors 
to give cool, trouble-free operation 

Listed by Underwriters Laboratories, 
the new indoor transformers incorporate 
the well-known Sola constant-wattage cir- 
cuit which gives you these performance 
benefits: 

Low starting current—limits current dur 
ing warm-up, eliminates need for heavy 
wiring and time-delay relays, and per- 
mits more lamps to operate on the 
lighting circuit 

Maintained light output — holds lumen 
output constant within +1%, for line 
voltage changes as great as +13°% 

Open and short circuit protection — pre- 
vents transformer and wiring from 
overheating 


insures rated lamp life reduces pre 
mature lamp failure by providing stable 
operating conditions 


No dropout when line voltage dips 
eliminates lamp dropout even when 
voltage dips 30°7, from nominal 


or information, write for Bulletin MVi 


[SOLA],.- 


A DIVISION OF 
BASIC PRODUCTS CORPORATION Cle 


SOLA ELECTRIC CO., 4633 W. 16th ST., CHICAGO 50 
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This is what 
you can SAVE... 


That's right! The electrical engineer 
for a leading contractor figured this: 
You can save as much as 630 feet 
of wire and 160 feet of conduit 
in lighting a 50’ x 54’ area, 
using fixtures equipped with 
Certified CBM ballasts 
instead of low power 


factor ballasts 


det seme eb anbba-| 

BALLASTS CBM 

wear this emblem... CERTIFIED 
by 


ET) 


CBM Ballasts are checked 

by tests regularly,at E.T 1 

‘ a And there are other benefits too. . . such as peak light output, long lamp and 

' e- ballast life, positive starting, dependable service. Because CBM ballasts are 
made to definite specifications . . . checked and certified by ETL. And of 
course, they're UL listed. It pays to specify fixtures with CBM ballasts. For 
the latest dope, ask us to send you CBM News. 


CERTIFIED BALLAST MANUFACTURERS, 2112 Keith Building, Cleveland 15, Ohio. 
Participation in CBM is open te any manufacturer who wishes to qualify. 





25% UPLIGHT 


BETTER LIGHTING QUALITY 
BETTER WORKING ATMOSPHERE 
10%, BETTER MAINTENANCE 


GUTH WYTELINER 
INDUSTRIALS 


Their V-shaped center reflector can't trap 
dirt or dust. Therefore, it stays clean far 
longer than flat-center reflector units. 


Guth 25% Uplight fixtures produce powerful 
downlighting and afford 27° normal 
shielding. They wash away gloom and over- 
head shadows, improve eye comfort and 
working conditions ... assure maximum 
lighting efficiency, plus less maintenance, 
even under the poorest area conditions. 


Units available 
for 430, 8 
or 1SOO M.A 


operation 


—A 
> 
A GUTH EXCLUSIVE! 


WRITE FOR NEW INDUSTRIAL BROCHURE NOW! KOLORKODED 
INDUSTRIAL FIXTURES 


Ma-teMela-1-s Mello ME 2-110) Ae le lite] 
THE EDWIN £&_ GUTH CO 
2615 Washington Blvd 


7M 
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identify plant or storage areas 
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